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Proceedings of the Twenty-seventh Annual Meeting of the 
American Association of Economic Entomologists 


The twenty-seventh annual meeting of the American Association 
of Economic Entomologists was held at the University of Pennsyl- 
vania, Philadelphia, Pa., December 28 to 31, 1914. 

The meeting of the section on Apiary Inspection was held at 8 p. m., 
December 28 and the sessions of the section on Horticultural Inspec- 
tion convened at 8 p. m. December 29 at the Hotel Walton and at 
10.30 a. m. December 30 at the University. 

The business proceedings of the Association are given in Part I of 
this report and the addresses, papers and discussions will be found in 
Part II. 

The proceedings of the sections will be prepared by the section 
secretaries and published as parts of this report. 

The meeting was the largest in the history of the Association, the 
program was very interesting and all present joined in making it a 
great success. 


PARTI BUSINESS PROCEEDINGS 


The meeting was called to order by President H. T. Fernald at 1.30 
p. m., Monday, December 28, 1914. 

Over 200 members and visitors attended the sessions, the average 
attendance at each session being about 150. The following members 
were present: 


A. J. Ackerman, Washington, D. C. Nathan Banks, Washington, D. C. 
George G. Ainslie, Nashville, Tenn. G. G. Becker, Fayetteville, Ark. 

J. M. Aldrich, Lafayette, Ind. Wm. Beutenmuller, New York City. 
I. L. Bailey, Northboro, Mass. F. C. Bishopp, Dallas, Texas. 


C. H. Baldwin, Indianapolis, Ind. M. W. Blackman, Syracuse, N. Y. 
9 . 


bo 


. Blakeslee, Washington, D. C. 
. Britton, New Haven, Conn. 
. Brues, Forest Hills, Mass. 


7, Chapman, Forest Hills, Mass. 
. Clapp, Raleigh, N. C. 
. Cleveland, Durham, N. H. 


Breese asl 


el T. Cook, New Brunswick, N. J. 
Cooley, Bozeman, Mont. 
Corbett, London, England. 
Cory, College Park, Md. 
C 


ie) 


_ A, 
Pst. 
A INS 
. C. Crampton, Amherst, Mass. 

. R. Crosby, Ithaca, IN. Y: 

Davis, Lafayette, Ind. 

. A. Dean, Manhattan, Kans. 

. W. Eddy, State College, Pa. 

. Engle, Harrisburg, Pa. 

. Felt, Albany, N. Y. 

. Fernald, Amherst, Mass. 

. Fink, Norfolk, Va. 

. Fiske, Washington, D. C. 

. Forbes, Urbana, Il. 

. Fulton, Geneva, N. Y. 

. Gates, Amherst, Mass. 

. Gill, Washington, D. C. 

C. P. Gillette, Fort Collins, Colo. 
Hugh Glasgow, Geneva, N. Y. 

H. A. Gossard, Wooster, Ohio. 

C. H. Hadley; Jr., Ithaca, N. Y. 
Ernest Hargreaves, London, England. 
Leonard Haseman, Columbia, Mo. 
W.H. Hasey, Amherst, Mass. 

I. M. Hawley, Ithaca, N. Y. 

T. J. Headlee, New Brunswick, N. J. 
Glenn W. Herrick, Ithaca, N. Y. 

P. M. Hertzog, Heightstown, N. J. 
C. Gordon Hewitt, Ottawa, Canada. 
C. E. Hood, Melrose Highlands, Mass. 
C. O. Houghton, Newark, Del. 

J.S. Houser, Wooster, Ohio. 

L. O. Howard, Washington, D. C. 

R. W. Howe, Tallulah, La. 

S. J. Hunter, Lawrence, Kans. 

W. D. Hunter, Washington, D. C. 

J. C. Hutson, Amherst, Mass. 

J. A. Hyslop, Hagarstown, Md. 

E. O. G. Kelley, Wellington, Kans. 

J. L. King, Cleveland, Ohio. 

Frederic Knab, Washington, D. C. 

J. Kotinsky, Washington, D. C. 

G. H. Lamson, Jr., Storrs, Conn. 
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. Burgess, Melrose Highlands, Mass. 


. Collins, Melrose Highlands, Mass. 
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W. H. Larrimer, Wellington, Kans. 

R. W. Leiby, Ithaca, N. Y. 

M. D. Leonard, Ithaca, N. Y. 

A. D. MacGillivray, Urbana, Il. 

C. L. Marlatt, Washington, D. C. 

J. F. Martin, Amherst, Mase 

J. W. McColloch, Manhattan, Kans. 

WR: Mcconnell Hagerstown, Md. 

L. 8. McLaine, Ottawa, Canada. 

C. L. Metcalf, Communes Ohio. 

Z. P. Metcalf, West Raleigh, N. C. 

A. P. Morse, Wellesley, Mass. 

J. A. Nelson, Washington, D. C. 

Henry Ness, Shenandoah, Iowa. 

Wilmon Newell, College Station, Texas. 

W. C. O’Kane, Durham, N. H. 

Herbert Osborn, Columbus, Ohio. 

W. A. Osgood, Durham, N. H. 

R. R. Parker, Amherst, Mass. 

P. J. Parrott, Geneva, N2 Ye 

L. M. Peairs, Morgantown, W. Va. 

W. E. Pennington, Hagerstown, Md. 

E.. F. Philips, Washington, D. C. 

A. L. Quaintance, Washington, D. C. 

W.S. Regan, Amherst, Mass. 

C. H. Richardson, New Brunswick, N. J. 

W.A. Riley, Ithaca, N. Y. 

D. M. Rogers, Boston, Mass. 

A. G. Ruggles, St. Anthony Park, Minn. 

W. E. Rumsey, Morgantown, W. Va. 

V. I. Safro, Lexington, Ky. 

J. G. Sanders, Madison, Wis. 

E. R. Sasscer, Washington, D. C. 

H. B. Scammell, Washington, D. C. 

W. J. Schoene, Blacksburg, Va. 

W.M. Scott, Baltimore, Md. 

N. E. Shaw, Columbus, Ohio. 

V. E. Shelford, Urbana, II. 

Franklin Sherman, Jr., Raleigh, N. C. 

E. H. Seigler, Washington, D. C. 

F. L. Simanton, Washington, D. C. 

Henry Skinner, Philadelphia, Pa. 

M. T. Smulyan, Blacksburg, Va. 

J. N. Summers, Melrose Highlands, 
Mass. 

H. A. Surface, Harrisburg, Pa. 

T. B. Symons, College Park, Md. 

F. L. Thomas, Athol, Mass. 

D. G. Tower, Lafayette, Ind. 

E. G. Titus, Logan, Utah. 

C. H. T. Townsend, Washington, D. C. 

C. F. Turner, Greenwood, Miss. 
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F. M. Webster, Washington, D. C. Francis Windle, West Chester, Pa. 
R. L. Webster, Ames, Iowa. W. B. Wood, Washington, D. C. 
H. B. Weiss, New Brunswick, N. J. E. L. Worsham, Atlanta, Ga. 

C. B. Williams, Merton, Surry, England. L. H. Worthley, Boston, Mass., 
T.S. Wilson, Wellington, Kans. W. W. Yothers, Orlando, Fla. 


PRESIDENT H. T. FERNALD: You will please come to order. We 
will now listen to the report of the Secretary. 


REPORT OF THE SECRETARY 


At the time of the last Annual Meeting the membership of the Association was 
divided as follows: Active, 131; Associate, 189; Foreign, 53; making a total of 373. 
At the Atlanta meeting four associate members were transferred to the active list 
and 36 associate members were elected. At that time two associate and one foreign 
member resigned. Two active members have died and 5 associate members have 
been dropped from the roll for non-payment of dues. The present membership is 
133 active, 212 Associate, 52 Foreign, a total of 397, making a net gain in member- 
ship of 24. 

During the past year we have lost by death two active members. 

Dr. Wm. Saunders, who for many years was Director of the Central Experimental 
Farm at Ottawa, Canada, died during the summer of 1914. He was one of the 
older members of the Association and although he was unable to attend our meetings 
during recent years maintained a great interest in entomology. 

Mr. John A. Grossbeck became a member of the Association during the time that 
he was an assistant to the late Dr. John B. Smith. In recent years he has been on the 
entomological staff of the American Museum of Natural History of New York. 

For several years the income of the Association has been slightly greater than the 
outgo, so that a moderate surplus has been accumulated. This has been accom- 
plished only by the most rigid economy. During the past year the expenses have 
overrun the income so that the surplus has been somewhat decreased. ‘This has 
been partly due to the fact that no dues for 1915 have been collected on account of 
the pending amendment to the by-laws relative to the change in the amount of 
annual dues. 

The annual net increase in the number of Active members for the past few years has 
been very small and the net increase in revenue from the new associate members has 
usually not amounted to more than ten dollars annually. 


THE JOURNAL OF Economic ENTOMOLOGY 


The management of the JourNat has endeavored to maintain the good reputa- 
tion that this publication has enjoyed in the past. It has been necessary to cut ex- 
penditures severely, which accounts for the delay in publishing the complete pro- 
ceedings in the first two numbers of the JouRNAL last spring. 

The financial success of the Journau depends on the advertising that can be se- 
cured. During the past year a number of firms have curtailed their advertising and 
replacements have not been easy to secure owing to unsettled business conditions. 
This loss of income has not been made up by new subscribers as our list showed a net 
increase of only 15 during the past year. The total receipts dropped $225 from 
those of the previous year and a corresponding decrease in expenditures has been 
necessary. ! 

The outlook for the coming year as regards the subscription list is not encourag- 
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ing. Our foreign subscription list will doubtless be cut heavily on account of the war 
in Europe and the moderate increase of fifty cents in the annual rate to non-members 
of the Association as suggested by the Advisory Board at the last meeting is necessary 
to meet existing conditions. 

Expenditures by both the Editor and the Secretary have been curtailed during 
the past year and this has meant that much more personal attention had to be de- 
voted to the publication than heretofore. 

The financial statement which follows shows the present condition of the Treasury. 
A few bills are outstanding because they have not been presented for payment and a 
number of good accounts are collectible. 


Association Statement 


Balancé in ‘Treasury; December 22, 1913.0. 02... a. 0 ie ee ee $358 .79 
By. amount received for dues 1914.5 2.2. 042. 2c. soe ee ee 120.94 
Ao stenographic report) 1913 meeting. Se... 22.0 eee $47 .20 

Stamps and! stampedienvelopes... <.).6 28... / +. .ak ware 19.62 
Printing“announcements; eles... 42-6 aoe PPR said 41.50 
belegraphyamds express). iicisc)- 8 ede cara eos eee soe ee 2.50 
Buttons 1OlSsmeetine se ee omens ee eee TAY a 
Buttons 19l4ameetings: Ae wes oo as. ee, oe ee 1125 
@ost,of- Incorporations... fj eee oe ee ie eee 3.45 
Clerical work, Secretary’s office ease eens: Se ne Che ee a0 nts 
One halt salary oloecretatye ene 21... hs. ae eee 50.00 
$217 .39 

Balance, Decemberni226 10 14 ee ns ie eras cre tae ee 262.34 


$479.73 $479.73 
Journal Statement 


Balance in’ Treasury, December 22519130) (022 2 2. ae eee $335.81 
By amount received for subscriptions, advertising, etc.,1914..  ....... 1,578.57 
To stamps andistamped: epyelopesnij2 22-51-20 = 5. oe nee $38 .36 
PRIMING sis het acta pe) ee Oe ae te ne ee 1,159.13 
HIG itomes 1.2 Sesh los ie area tee areca igre ee eae eee 86.16 
Miscellancousistpplies sat cn twas ae ern end 26.82 
Clerical work, Editor’s office........... Sa aM cA Sos Oe 32.50 
Clerical-work, ‘Manager's ofiice? 2 sese mies et cua 25.00 
Salary,; Hditor.22 tae oe ree ere eter erate ect 100.00 
One-half salary ofeMiamagete wc et i ne oe 50.00 
$1,517.97 
Balance December 22, 191 eee aA de, A Re 396.41 


$1,914.38 $1,914.38 


Respectfully submitted, 
A. F. Burcsss, 
Secretary. 


On motion the report was received and the financial part referred to 
the Auditing Committee. 
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Secretary A. F. Burcess: I would like to make a few remarks 
in regard to the JouRNAL. In 1913 we had a paid up subscription 
list of 705; in 1914, 720. This does not include copies that go to 
advertisers and possibly a half dozen free copies which are sent to 
institutions which carry on bibliographical work. Of the 720 paid 
subscriptions, 142 went to foreign countries, almost every country in 
the world being represented. We have a large foreign list of sub- 
seribers but I expect that it will be cut very heavily this year on ac- 
count of the war. r 

At the last meeting of the Association, the Advisory Committee 
brought in a report recommending that the subscription price of the 
JOURNAL be raised 50 cents, provided an amendment to the by-laws 
raising the dues was accepted at this meeting. We do a large business 
with subscription agencies. It is necessary for them to prepare cata- 
logues and quote prices in mid-summer. As it was impossible to wait 
for a decision at this meeting in regard to raising the price of the Jour- 
NAL, I increased it in my quotations to subscription agencies. 

We have been receiving a considerable number of subscriptions from 
Japan during the past year and a noticeable increase of subscriptions 
to Russia: was made during 1914. 

I wish to explain this matter so that the members will understand 
more accurately how the JourRNAL stands at the present time. 

PRESIDENT H. T. FeRNaup: I will now read the Report of the 
Executive Committee. 


REPORT OF THE EXECUTIVE COMMITTEE 


No meeting of the Executive committee has been necessary during the year, only 
two matters having arisen which needed consideration. 

The first of these was a renewal of the invitation by the Managers of the Panama- 
Pacific Exposition to hold a meeting at San Francisco during the coming summer. 
After correspondence between the members of the committee it seemed desirable to 
avoid breaking in on our present custom of holding our regular annual meeting during 
the Christmas holidays, and the invitation was therefore declined. Since that time 
certain developments seem to make it desirable to bring this subject before the 
Association where it will be presented as new business. 

The other matter was the preparation of a seal, authorized at the last annual meet- 
ing. The committee is not yet ready to make a final report as to what this seal shall 
represent and can at present only report progress. 

H. T. FERNALD, 

GLENN W. HERRICK, 

W. E. Brirron, 

Witmon NEWELL, 

A. F,. Burasss, 
Executive Commattee. 


PRESIDENT H. T. Fernaup: The next on the program is the 
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report of the Employment Bureau by W. E. Hinds, Auburn, Alabama, 
which will be read by the Secretary. 


ANNUAL REPORT OF ENTOMOLOGISTS’ EMPLOYMENT BUREAU 


GENERAL STATEMENT 


The Entomologists’ Employment Bureau was established three years ago for the 
mutual convenience of both employers and employees in entomological work. The 
service incident to bringing these two parties together has from the first been con- 
ducted at the minimum of expense. 

Under the administration of Prof. F. L. Washburn who had charge of the Bureau 
for the first two years of its existence, some twenty men were enrolled and a number 
of appointments appear to have been made through the agency of the Bureau. The 
registration fee was reduced from $4.00 to $2.00. No definite limit appears to have 
been set as to the service offered and no special forms were used in the records of 
the Bureau. It has seemed necessary therefore to systematize the work somewhat 
more than was necessary at its inception. 

Accordingly enrollment and notification forms, letterheads, etc., have been pre- 
pared so that we may be in position to give prompt and effective service with a mini- 
mum of clerical expense. The information needed by applicants for enrollment is 
printed on the application form itself. Ten references to possible employers are 
offered with one registration fee. An abstract of the enrollment record, with full 
addresses of parties whose names are given as references is now sent to the possible 
employer and a notice of the opening for which a man is apparently prepared is sent 
to each man whose name has been suggested in connection therewith. 

These changes in method of administration are working satisfactorily. It happens 
occasionally, however, that an applicant moves for some reason without sending us 
his new address, thus putting us out of touch with him for a time at least. It would 
help the Bureau to become of greater service if we may have a little more general 
coéperation in the following points especially: First, Prompt notification of changes 
in the applicant’s address. Second, More general notification by employers regard- 
ing positions for which names of candidates may be desired. Our service is free to 
employers and we can frequently suggest the names of several men having the general 
qualifications required so that the employer may have a choice among several good 
men. Third, We need more general information regarding appointments, especially 
when made through the agency of the Bureau and when men enrolled with the Bureau 
accept work either temporary or permanent, which might change their status as 
applicants whose names we might present for immediate appointments. 

Since March 3, 1914, we have added nineteen (19) new names to the enrollment 
list and at least eight (8) appointments have been made from names supplied by the 
Bureau. A full financial statement is presented herewith. 


W. E. Hinps, 
In Charge. 
/ FINANCIAL STATEMENT 
Received 
March 3, 1914, To check of F. L. Washburn covering balance on 
ig ee ok Sk ae PE de Cee ee ee ine. eee ees $32.25 
March to December, To nineteen (19) new registrations......... 38 .00 
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Paid 
August 25, 1914, Printing and stationery, Post Publishing Co.... $11.00 
Peeper ost Eb bsiins (CO. Fes ee os Yee ee Bln ees 2.00 
April 9, August 29, November 5. Labor multigraphing letters: 
Lf, TGs FSC Se aS ae ree eer 2.50 
DPD ESLES -._ , Dp Rea cree epee ea 7.24 
Envelopes and letter heads furnished by A. P. I., Dept. of En- 
PDTC TAD? ae eee at Ce 2.50 
Meecmucr 22, Stenographer, N. C.. Powell................-..-.. 18.00 
LTE. SLED Sng DTS a ie ee ee ee $43 .24 | 


Eeaeemee ter aks Or AUDUIT ©. 62 o2 95 ae ice oe fae eels sca we oe 27.01 


$70.25 $70.25 


W. E. Hrnps, 
In Charge. 


On motion the report was adopted and the financial part referred 
to the Auditing Committee. 

SECRETARY A. F. BurcGess: I notice that Mr. Hinds emphasizes 
the necessity for members notifying him promptly of any change of 
address. I want to make the same point in regard to subscribers to 
the JouRNAL. Entomologists are a very migratory set of people and 
if you had the mailing list of the JourNAL to correct for each issue, 
you would realize that fact. In order to assure delivery of the pub- 
lication as it is issued, it is necessary that the members should promptly 
notify concerning any change of address. | 

PRESIDENT H. T. FerNaup: The report of the Committee on 
nomenclature will now be presented by Mr. Herbert Osborn, Columbus, 
Ohio. 


REPORT OF COMMITTEE ON COMMON NAMES OF INSECTS OF THE 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


The only case which has been submitted to your committee during the past year 
has been a petition from Dr. H. J. Franklin of Amherst, Mass., to the effect that the 
names of certain cranberry insects, the Black-head Cranberry Worm and the Yellow- 
head Cranberry Worm, names which were adopted on the initiative of Prof. J. B. 
Smith, should be changed to the Flowed Bog Fireworm, Rhopobota vacciniana 
(Pack.) and the Dry Bog Fireworm, Peronea minuta (Rob.). 

Dr. Franklin’s argument in brief is that the names suggested are more distinctive 
of the habits of the species concerned and that the previous names are less distinctive 
and less suggestive to the practical cranberry growers who are especially interested 
in the use of these names. 

Your committee feels that it is undesirable to make changes of names already 
adopted except in case of very positive reasons and would present the case to the 
Society without recommendation. 
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We will be pleased to have the matter discussed at this meeting and the opinions of 
those entomologists most familiar with the species considered in the discussion. 


Respectfully submitted, 


HERBERT OSBORN, 

W. E. Brrrron, — 

EP Reni 
Committee. 


SecreTARY A. F. Burcess: It seems to me that it would be well 
for the committee to take up the suggested changes with the entomol- 
ogists that are particularly interested in cranberry insects and bring - 
in a recommendation later to the Association. Cranberries are 
grown only in limited sections of the country, and there are therefore 
only a limited number of our members interested in these insects. It 
ought to be possible for the committee to consult with these men and 
get the consensus of opinion in regard to the proposed changes in names. 

On motion, the report was referred back to the committee with 
instructions to report later. 

PresipENT H. T. FERNALD: Next is the report of the committee 
on entomological investigations which will be read by Glenn W. Her- 
mekesithaca, New. 


REPORT OF THE COMMITTEE ON ENTOMOLOGICAL 
INVESTIGATIONS 
December 23, 1914 
Mr. PRESIDENT: 

The Committee on Entomological Investigations presents its report and begs 
leave to make the following remarks: 

The notice to the different entomologists was sent out a little late, owing to a 
confusion regarding the organization of the Committee. However, about the same 
number have reported as usual. In addition, we have this year for the first time, 
the long list of most admirable projects of the Bureau of Entomology at Washing-- 
ton.! Lists of projects of other entomologists are not readily accessible and are 
therefore reproduced below. 

GLENN W. HERRICK, 

Water C. O’ Kang, 

DJ. HEADERE; 
Committee. 


INVESTIGATIONS DEALING WITH MAMMALIA 


Nebraska, Lincoln,—Myron H. Swenk. 

The prairie-dog. Substantial progress. Preliminary publication contemplated. 
New Mezico, State College,—D. E. Merrill. 

Prairie-dogs. Data on distribution, numbers, damage, control. 

Rodents. Tests of poisons, traps, etc. Scattering. 


_ 17This latter is not reprinted, since it appears in the ‘Program of Work of the 
United States Department of Agriculture for the Fiscal Year ND and may be 
readily obtained by interested parties. 
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INVESTIGATIONS DEALING WITH CRUSTACEA 
Mississippi, Agricultural College,—R. W. Harned. 
The crayfish of Mississippi. Slight progress during the year. 


INVESTIGATIONS DEALING wiTH MoLuusca 


Oregon, Corvallis,—H. F. Wilson. 
The garden slugs. Begun 1913. A. L. Lovett in immediate charge. 


INVESTIGATIONS DEALING WITH ACARINA 
Connecticut, New Haven,—W. E. Britton. 
Control of Greenhouse Mite, Tarsonemus pallidus Banks. Begun1914. Q.S. Lowry 
aiding. 
Montana, Bozeman,—R. A. Cooley. 
Tick investigations with particular reference to Dermacentor venustus. 
North Carolina, Raleigh,—Franklin Sherman, Jr. 
Red spider on cotton. Life history, habits; begun last year; continued. 
- New York, Geneva,—P. J. Parrott. 
Monographic study of the Eriophyide of N.Y. In charge of H. E. Hodgkiss. 


INVESTIGATIONS DEALING WITH THYSANOPTERA 
Connecticut, New Haven—W. E. Britton. 
Control of Onion Thrips, Thrips tabaci Linde. Begun 1913. B.H. Walden aiding. 


New York, Geneva,—P. J. Parrott. 
Life history, habits, distribution in New York of the pear thrips, Euthrips pyri. 


INVESTIGATIONS DEALING WITH MALLOPHAGA AND ANOPLURA 
California, Stanford University,—V. L. Kellogg. 

Taxonomic and biologic studies of the Mallophaga and Anoplura. (With G. F. 
Ferris). Generic and specific revision of the North American Anoplura. Work 
under way. 

New York, Cornell University, Ithaca,—Glenn W. Herrick. 

The Mallophaga of domestic fowls. Ready for publication. 


INVESTIGATIONS DEALING witTH ISOPTERA 


Kansas, Manhattan,—George A. Dean and J. H. Merrill. 
A study of the termite (Termes lucifugus). 


INVESTIGATIONS DEALING WITH ORTHOPTERA 


Hawaii, Honolulu,—J. F. Ilingworth. 
Monograph of Hawaiian Roaches, begun 1913, well under way. 


Idaho, Boise,—T. H. Parks. 
Snowy tree cricket (Oecanthus niveus). Injuries to ripening prunes. Begun 1914. 


Kansas, Lawrence,—S. J. Hunter. 

Acridine of Kansas, taxonomic, economic and biologic phases. P. W. Claassen in 
charge. 

Remedial measures against native grasshoppers. S. J. Hunter and P. W. Cladssen. 
Kansas, Manhattan,—George A. Dean. 

Habits and life history, control of injurious grasshoppers. George A. Dean. 

Parasitic and predaceous enemies of grasshoppers. Paul 8S. Welch. 
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Nebraska, Lincoln,—Myron H. Swenk. 
Grasshopper control. Lawrence Bruner in charge. Substantial progress. 
New York, Albany,—E. P. Felt. 
Grasshoppers of New York, control. Considerable data. Begun 1914. 
New York, Geneva,—P. J. Parrott, B. B. Fulton. 
Life histories, habits and control of tree crickets, O. niveus and related species. 
Oregon, Eugene,—C. F. Hodge. 
Methods of collecting and preserving grasshoppers for game bird and poultry food. 


INVESTIGATIONS DEALING wiTH HEMIPTERA 


Arkansas, Fayetteville,—George C. Becker. 

(1) Supposed immunity of Northern Spy stock to the attacks of woolly aphis. 

(2) Studies of the relationship of woolly aphis to its various hosts. Substantial 
progress. 
Colorado, Boulder,—T. D. A. Cockerell and Elizabeth Robinson. 

Coccidze of Colorado and Philippine Islands. One paper published; second about to 
be published. 


Colorado, Fort Collins,—C. P. Gillette. j 
Plant aphids. Several years’ progress. Much data accumulated; two papers pub- 
lished. 
Florida, Gainesville,—J. R. Watson. 
White fly studies. 
Idaho, Boise,—T. H. Parks. 
Clover aphis (Aphis bakeri). Begun 1913; studied as an enemy of red clover and 
apple foliage. 
Indiana, Indianapolis,—C. H. Baldwin. 
Coccide of Indiana. Distribution, control of greenhouse species. H. F. Dietz in 
charge. 
Maine, Orono,—Edith M. Patch. 
Aphid ecology. Begun 1904. Progress slow but constant. 
Mississippi, Agricultural College,—R. W. Harned, E. W. Stafford. 
Scale insects of Mississippi (food habits, life history of native species). 
Missouri, Columbia,—L. Haseman. 
Tarnished plant bug and its work on peach and other plants. 
Apple leaf hopper. . 
Control of the San José scale. L. Haseman and A. H. Hollinger. 
Missouri, Mountain Grove,—M. P. Somes. 
Life history and control of the San José scale. Satisfactory progress. 
Life history and control of Jalysus spinosus> Practically complete. 
Montana, Bozeman,—R. A. Cooley. s 
Life history and control of sugar beet louse (Pemphigus bete). J. R. Parker in charge. 
Control of the oyster shell scale by use of insecticides. 
Iowa, Ames,—R. L. Webster. 
Oyster shell scale, Lepidosaphes ulmi. Begun 1908. Progress satisfactory. 
Kansas, Lawrence,—S. J. Hunter. 
Aspidiotus perniciosus, study of means of distribution and methods of control. 
Aspidiotus perniciosus, study of the natural parasites. P. W. Claassen. 
Blissus leucopterus, control measures. S. J. Hunter and P. W. Claassen. 
Woolly aphis, H. B. Hungerford. 
Toxoptera graminum, Ruby Hosford. 
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Kansas, Manhattan,—Geo. A. Dean. 
Chinch bug control. Geo. A. Dean and J. W. McColloch. 
Chinch bug egg parasite. J. W. McColloch. 
Control of San José scale. J. H. Merrill. 


New York, Albany,—E. P. Felt. 
Efficiency of San José scale parasites. Preliminary report in type. Begun in 1913. 


New York, Geneva,—P. J. Parrott. 

Life history, habits, control in pear orchards of false tarnished plant-bug, Lygus 
invitus Say. H. E. Hodgkiss in immediate charge. 

Control of late summer broods of the pear psylla. H. E. Hodgkiss in immediate 
charge. 

Life history, habits, control of grape leaf hopper. F. Z. Hartzell in immediate charge. 


New York, Cornell University, Ithaca,—Glenn W. Herrick. 
Green apple aphis (Aphis pomi). Robert Matheson in full charge. 
Rosy apple aphis (Aphis sorbi). Robert Matheson in full charge. 
Pine leaf scale (Chionaspis pinifolie). Robert Matheson in full charge. 


Ohio, Wooster,—H. A. Gossard. 

Biological and economic studies of plant lice, especially in orchards. 

Distribution of Periodical Cicada, 1914 brood; codperation with Biological Survey 
and State Bureau of Nursery Inspection. 

Experiments for control of jassids or leaf-hoppers in grasslands planned. 

Scale insects and remedies; much experimental data. J. 8. Houser in immediate 
charge. 

Woolly aphis. Several years’ work, not much progress. J. S. Houser in immediate 
charge. 

Research on Pentatomide. Several life histories practically complete. R. D. 
Whitmarsh in immediate charge. 


Oregon, Corvallis,—H. F. Wilson. | 

Rose-leaf hopper as a fruit tree pest (Hmpoa rose). Begun July 1, 1914. Leroy 
Childs aiding. 
South Carolina, Clemson College,—A. F. Conradi. 

Aphis maidi-radicis on cotton; life history; food plants, ants, repellants, control. 
Begun 1909. W. A. Thomas in charge. 


South Dakota, Brookings,—H. C. Severin. 
Investigations of the scale insects of South Dakota. Begun in 1912. 


Tennessee, Knoxville,—E. C. Cotton. 
The hog louse. 


Texas, College Station,—Wilmon Newell. 
Turnip louse (Aphis pseudobrassice). Well advanced; preliminary publication 
being prepared. F. B. Paddock in charge. Begun in 1913. 


Virginia, Blacksburg,—W. J. Schoene. 

Spinach aphis (Myzus persice), control, L. B. Smith in charge; project started spring 
of 1914. 

Pea-aphis (Macrosiphum pisi) biology and control, L. B. Smith in charge; project 
started spring of 1914. 

Biology and the control of the three species of the aphis affecting the apple. 
Aphis pomi, Aphis sorbi and Siphocoryne avene. W. J. Schoene and M. T. 
Smulyan in charge; project started spring of 1914. 

Effect of woolly aphis (Schizoneura lanigera) on apple trees. W.J. Price in charge; 
continuation of a project of several years’ standing. 


~“ 
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West Virginia, Morgantown,—L. M. Peairs. 
Control of apple woolly aphis. Work along new lines merely started. 


INVESTIGATIONS DEALING WITH LEPIDOPTERA 


Arkansas, Fayetteville,—George C. Becker. 
Life history, control of Sanninoidea exitiosa. Substantial progress. 
Colorado, Fort Collins,—C. P. Gillette. 
Codling moth; in progress for several years. Much data. 
Hawaii, Honolulu,—J. F. Illingworth. 
Palm-leaf roller (Omoides blackburni Butl.), seasonal activity, life history, parasites. 
Begun 1913, well under way. 
Indiana, Indianapolis,—C. H. Baldwin. 
Apple-leaf skeletonizer, life history, control. Begun 1914. Progress satisfactory. 


Indiana, Lafayette,—James Troop. 
Life history, control, codling moth. Begun 1913. Will run one or two years more.. 


Iowa, Ames,—R. L. Webster. 
Strawberry leaf-roller (Ancylis comptana). Begun 1913. Considerable data. 
Variegated cutworm (Peridroma margaritosa). Begin in 1914. Many observations. 
Corn-ear worm (Heliothis obsoleta). Seasonal history. Begun in 1914. 


Kansas, Lawrence,—S. J. Hunter. 
Codlng moth, control. 8. J. Hunter and P. W. Claassen. . 
Indian meal-moth, life history and economic importance. 8S. J. Hunter & R. H. 
Beamer. 7 
Cut-worms and army-worms, economic phases. H. B. Hungerford and Geo. H. 
Vansell. 
Bee-moth. Geo. H. Vansell. 
Kansas, Manhattan,—Geo. A. Dean. 
Life history and control of the the corn-ear worm. J. W. McColloch. 
Life history and control of the apples -leaf skeletonizer (Canarsia hammondi). J. H. 
Merrill. 
Maryland, Baltimore,—W. M. Scott. 
Experiments for the control of the peach tree borers. Begun 1913. 
Missouri, Columbia,—L. Haseman. 
Life history; paints for control of peach tree borer. LL. Haseman and M. E. Hays. 
Life history, injury, control of corn-ear worm. M. E. Hays. 
Missouri, Mountain Grove,—M. P. Somes. 
Life history and control of peach tree borer. Considerable progress. 


Montana, Bozeman,—R. A. Cooley. 

Life histories and control of cutworms. 
Nebraska, Lincoln,—Myron H. Swenk. 

Cutworm injury to Nebraska crops. Considerable data. 
New Jersey, New Brunswick,—T. J. Headlee. 

Corn-ear worm investigations; methods of applying powdered poisons. C. H. 
Richardson and T. J. Headlee; see Rept., 1913. | 

Peach borer: study of protective coatings: H. B. Weiss and T. J. Headlee. See 
Repts., 1913, 1914. 
New York, Albany,—E. P. Felt. : 

Efficiency of codling moth sprays. Mostly published. Begun in 1909. 
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New York, Geneva,—P. J. Parrott. 
Life history, habits, distribution of the apple and cherry ermine moths. 
Life histories of species.of Xylina and Scopelosoma. B.B. Fulton in immediate charge, 


Ohio, Wooster,—H. A. Gossard. 

Life history of codling moth at Wooster; some data, studies of second brood in all 
sections of state. 

Life history and economics of clover leaf-roller. Notes for three or four seasons. 

Control of grapeberry worm. Experimental work practically finished. Life history 
incomplete. W. H. Goodwin in charge. 

Life history and control of peach tree borer; two years’ observations; substantial 
progress; large remedial tests. J. L. King in immediate charge. 

Life history and treatment for the lesser peach borer, as in preceding. 


Pennsylvania, Harrisburg,—H. A. Surface. 
Experiments for control of the peach tree borer. Work completed. 


South Dakota, Brookings,—H. C. Severin. 
Life history and control of native cutworms. Begun in 1910. 


INVESTIGATIONS DEALING WITH DIPTERA 


Colorado, Fort Collins,—C. P. Gillette. 

Syrphus flies and plant lice; continued three years; considerable material. C. R. 
Jones in immediate charge. 

Life habits of the lady beetles. Paper published. Miss M. A. Palmer in immediate 
charge. 


Connecticut, New Haven,—W. E. Britton. 
Cabbage maggot control. Begun 1908. Q.S. Lowry aiding. 
Onion maggot control. Begun in 1914. B.H. Walden aiding. 


Connecticut, New Haven,—W. E. Britton. 
Control of mosquitoes in Connecticut; effect of drainage on “at marsh; changes in 
flora. Begun 1912. B.H. Walden sing: 


Hawaii, Honolulu,—J. F. Illingworth. 
Melon flies (Dacus cucurbite Coq.), control measures, begun 1914, well started. 


Kansas, Lawrence,—S. J. Hunter. 
Tabanide of Kansas, R. H. Beamer. 
Simulium, study of connection with transmission of Pellagra. S. J. Hunter. 
Similium, Ecology and morphology. H. B. Hungerford. 
Hessian fly, methods of control. S. J. Hunter and P. W. Claassen. 


Kansas, Manhattan,—Geo. A. Dean. 
Life history and control of the Hessian fly. Geo. A. Dean and J. W. McColloch. 


Massachusetts, Amherst,—H. T. Fernald. 
Control of onion maggot on large fields. Progress satisfactory. 


Missouri, Columbia,—L. Haseman. 
Life history of the Hessian fly and resistant varieties of wheat. 


New Hampshire, Durham,—W. C. O’Kane and C. H. Hadley, Jr. 
Control of root maggots with insecticides; two seasons’ preliminary work completed. 
Control of black flies, deer flies and midges. In progress. 

New Jersey, New Brunswick,—T. J. Headlee.- 

Typhoid fly: Data necessary for practical control work of it and its associates. 
Charles S. Beckwith and T. J. Headlee in 1913, C. H. Richardson in 1914. See 
reports 1913, 1914. 

Mosquito investigations: Data for practical control work. T. J. Headlee. See 
reports 1913, 1914, also Cire. 17. 
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New York, Albany,—kE. P. Felt. 

Monographie study of biology and taxonomy of gall midges. Partly published, 
much in manuscript. Begun in 1906. 
New York, Geneva,—P. J. Parrott. 

Life history, habits, control of the grape midge. F. Z. Hartzell in immediate charge. 

Life history, habits, control of cabbage maggot; a special study of the reaction of 
puparia to heat and desiccation; methods of protecting seed beds. Ready to 
report. W. J. Schoene. 
Ohio, Wooster,—H. A. Gossard. 

Onion maggot. Observations for two seasons, substantial progress. J. S. Houser 
in immediate charge. 
Oregon, Kugene,—C. F. Hodge. 

Control of house and stable flies, especially community codperation in practical 
extermination. Begun 1910. 

Preventing mosquito breeding in agricultural districts; in conjunction with class in 
biology. 

INVESTIGATIONS DEALING WITH COLEOPTERA 

Alabama, Auburn,—W. E. Hinds. 

Life history, control of rice or black weevil, Calandra oryza. Substantial progress. 
Begun 1908. Partly published. 
Arkansas, Fayetteville,—George C. Becker. 

Life history, habits, control of Saperda candida: (1) life history and habits, (2) 
control. Substantial progress. 
Connecticut, New Haven,—W. E. Britton. 

Life history and control of white pine weevil, Pissodes strobi Pk. Begun 1911. B.H. 
Walden aiding. 
Hawaii, Honolulu,—J. F. Illingworth. 

Cucurbit stem borer (Apomecyna pertigera Thoms.), life history, control, begun 
1913, well under way. 

Monkey pod borer (Xystrocera globosa Oliv.), begun 1914, well under way. 
Iowa, Ames,—R. L. Webster. 

White grub investigations. Begun in 1914; codperation U.S. Bureau of Entomology. 
Kansas, Lawrence,—S. J. Hunter. 

Elm-tree borers, life history and control measures, Walter Wellhouse. 

Cottonwood borer, parsites of. H. B. Hungerford. 
Kansas, Manhattan,—Geo. A. Dean. 

Life history, control of maize bill bug (Sphenophorus maidis). J. W. McColloch 
and W. P. Hayes. 
Missouri, Columbia,—L. Haseman. 

Life history and control of the striped cucumber beetle. 

Life history, injury and control of the elm-tree borer. 
Missouri, Mountain Grove,—M. P. Somes. 

Life history and control of the fruit-tree bark-beetle. Considerable data. 
New York, Albany,—E. P. Felt. 

Ecology and control of June beetles and white grubs. Partly published. Begun 
in 1912. 
New York, Geneva,—P. J. Parrott. 

Life history, control of the rose chafer. F. Z. Hartzell in immediate charge. 

Life history, habits, control of grape root worm. F. Z. Hartzellin immediate charge. 
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Life history, control of the sinuate borer (Agrilus sinuatus). Hugh Glasgow in 
immediate charge. 

Distribution, life history, control of Polydrosus impressifrons. Hugh Glasgow in 
immediate charge. 
New York, Cornell University, Ithaca,—Glenn W. Herrick. 

Poplar borer (Cryptorhynchus lapathi). Robert Matheson in full charge. 


Ohio, Wooster,—H. A. Gossard. 

Life history and systematic studies of long-horned wood-borers in Ohio; continued 
several years. W. H. Goodwin in immediate charge. 

Life history and study of the Balinine or nut weevils of Ohio; continued several 
years. W. H. Goodwin in immediate charge. 

General study of the various bark beetles in Ohio; substantial progress. J. L. King, 
in immediate charge. 
Oregon, Corvallis,—H. F. Wilson. 

Otiorhynchid beetles infesting the strawberry in Oregon. Begun July 1,1914. G.F. 
Moznette aiding. 

Cucumber beetles (Diabrotica soror and D. trivittata). Begun 1913. A. L. Lovett in 
immediate charge. 

Scolytide infesting the Douglas fir (Pseudotsuga taxifolia (Pow.)Britt.). Begun 1912. 
Leroy Childs aiding. 


South Carolina, Clemson College,—A. F. Conradi. 

A study of new and little known wire-worms of field crops. Begun 1909. 

Life histories, food plants, habits, control of H. uhlert and Monocrepidius vespertinus. 
Substantial progress. 

Above in codperation with the Section of Southern Field Crop insects, Bureau of 
Entomology, H. C. Eagerton in charge. 
Texas, College Station,—Wilmon Newell. 

Pecan twig girder (Oncideres terana). Sherman W. Bilsing in charge. Material 
progress, begun 1913. 

’ Pea and bean weevils; practical control. Work begun. Wilmon Newell and asso- 
ciates. 
Wisconsin, Madison,—J. G. Sanders. 

Control of white grubs. Begun 1914. Progress satisfactory. 


INVESTIGATIONS DEALING WITH HYMENOPTERA 
Colorado, Boulder,—T. D. A. Cockerell. 
Bees of the world; principally those of North America and Australia. 
Hawaii, Honolulu.—J. F. Ilingworth. 
Predaceous habits of big-headed ant (Pheidole megacephala Fab.), notes from Fiji 
Islands and Hawaii, begun 1913, half completed. 
Indiana, Indianapolis,—C. H.- Baldwin. 
Control of house ants. Begun 1914. 
Kansas, Lawrence,—S. J. Hunter. 
Bees and their diseases. Geo. H. Vansell. 
Bees and poison bait. Geo. H. Vansell. 
Kansas, Manhattan,—Geo. A. Dean. 
A study of the kaffir ant (Solenopsis molesta). J. W.McColloch and W. P. Hayes. 
Missouri, Columbia,—L. Haseman 
A study of beekeeping in Missouri. 
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New Jersey, New Brunswick,—T. J. Headlee. 
Bee disease control: E.G. Carr and T. J. Headlee. See reports for 19138, 1914. 
New York, Geneva,—P. J. Parrott. 
Life history, habits, control of the saw fly leaf miner (Profenusa collaris MacG). 
B. B. Fulton in immediate charge. 
Oregon, Corvallis,—H. F. Wilson. 
Raspberry and loganberry rootborer (Bembecia marginata). Begun 1913. A. L. 
Lovett in immediate charge. 
Texas, College Station,—Wilmon Newell. 
A study of inheritance in the honey bee. Material progress. Begun in 1911. 
Beekeeping experiments. 
Practical experiments relating to honey production. Begun in 1912. 
Wisconsin, Madison,—J. G. Sanders. 
Wisconsin beekeeping conditions. Begun in 1912. L. V. France in charge. 


INVESTIGATIONS DEALING WITH Groups OF INSECTS OR WITH INSECTICIDES OR WITH 
BOTH 
Alabama, Auburn,—W. E. Hinds. : 

Carbon bisulphide and hydrocyanic acid gas as insecticides. Begun 1908. Con- 
tinued progress. 

Factors affecting the distribution, adhesion, economy of application and efficiency of 
arsenical insecticides with particular reference to arsenate of lead; begun 1913. 
Substantial progress. 

Colorado, Boulder,—T. D. A. Cockerell. 

Insects of Colorado, principally those of Boulder County. 

Fossil insects especially of Florissant, Colorado (Principally Diptera and Hymenop- 
tera.) | 
Colorado, Fort Collins,—C. P. Gillette. ; 

Control of insects by treatment of the eggs. Conducted for several years, much data, 
Connecticut, New Haven,—W. E. Britton. 

Preparation and application of nicotine solutions as insecticides. Begun 1914. A 
few extractions and analyses made. J. P. Street aiding. 

Study of insects attacking the apple in Connecticut. Begun 1907. Studies com- 
pleted on several insects and papers published. ; 

Insects attacking the peach in Connecticut. Extent of damage and methods of con- 
trol. Begun 1907. Studies of a number of the more important pests made. 

Control of peach and apple borers in Station orchard. Begun 1911. Considerable 
data. . 

Insects attacking cabbage in Connecticut. Substantial progress. Begun 1912. 
Q.S. Lowry aiding. 

Insects attacking vegetables in Connecticut. Begun 1908. Substantial progress. 

Insects attacking white pine in Connecticut. Begun 1912. Some progress. B. H. 

Walden aiding. 
Indiana, Indianapolis,—C. H. Baldwin. 

Control of greenhouse pests by fumigation and spraying. Begun 1914. A. P. 
Swallow in charge. 

Kansas, Lawrence,—S. J. Hunter. 

Alfalfa insects. Wm. Brown. / 

Spraying; relative efficiency of lime-sulphur and scalecide. P. W. Claassen. 

Spraying; effects of successful seasonal spraying on succeeding seasons’ crops. S. J. 


Hunter and P. W. Claassen. 
Optimum and fatal temperatures for insect life. Ruby Hosford and Wm. Brown. 
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Kansas, Manhattan,—Geo. A. Dean. 
Relation of climate to injurious insects. Geo A. Dean and J. W. McColloch. 
Measures of controlling mill and stored grain insects. Geo. A. Dean. 


Maryland, Baltimore,—W. M. Scott. 

Development of a dry material for use as a substitute for lhme-sulphur solution. 
Begun 1913. 

Experiments with arsenate of lime or calcium arsenate as a substitute for arsenate of 
lead. Begun 1913. Nearly completed. 


Massachusetis, Amherst,—H. T. Fernald. | 

Causes producing burning of foliage by insecticides. Progress satisfactory. 

Real amount of benefit obtained from different groups of parasites. Progress satis- 
factory. 

Distribution limits of pests in Massachusetts. Progress satisfactory. 

Strength of fumigation safe on different greenhouse crops as compared with strength 
necessary for destruction of the pests. Temporarily discontinued. 


Michigan, East Lansing,—R. H. Pettit. 

How contact insecticides kill. E.G. Shafer in immediate charge. 

Life histories and control of various fruit and field crop insects. 

Life histories and control of insects injurious to Michigan forests and shade trees. 
G. C. Goodwin in immediate charge. 


Missouri, Columbia,—L. Haseman. 
Life histories, distribution, injury and control of insects affecting nursery stock. 


Nebraska, Lincoln,—Myron H. Swenk. 

The role of insects in tripping alfalfa blossoms and effect of tripping on size of seed 
crop. Progress satisfactory. Preliminary publication contemplated. 
A monographic account of the insect enemies of alfalfa. Progress satisfactory. 


New Jersey, New Brunswick,—T. J. Headlee. 

Spraying and dusting investigations: Effectiveness of certain new dusts in con- 
trolling insects and diseases affecting orchard fruits and potato foliage; former this 
year in charge department of plant pathology and latter in charge of department 
of entomology. H. B. Weiss, C. H. Richardson and T. J. Headlee in 1913; Alfred 
E. Cameron in 1914. See reports for 1913, and 1914. 

Climatic and insect investigations: Effect of maximum and minimum temperatures 
on various seriously injurious insects. C. H. Richardson and T. J. Headlee. No 
printed cecords of progress thus far. 

Insect control: Facts relative to importation of injurious insects from Foreign 
countries; control of outbreaks of established insects. H. B. Weiss and T. J. 
Headlee. See reports for 1913, 1914. 

New York, Albany,—E. P. Felt. 

Factors influencing distribution and abundance of insects. Considerable data 
accumulated, not much published. Begun in 1899. 

Effect of applications of petroleum or petroleum compounds to dormant trees. Much 
published, investigations still in progress. Begun in 1911. 

New York, Cornell University, Ithaca,—Glenn W. Herrick. 
Insects injurious to hops in New York. I. M. Hawley in charge. Work just begun. 
Insects injurious to clover. C.H. Hadley, Jr., in charge. 

New York, Geneva,—P. J. Parrott, and W. J. Schoene. 
Insecticidal properties of various sulphides and polysulphides. 
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Ohio, Wooster,—H. A. Gossard. 

Relation of insects to fire-blight in orchards. Preliminary experiments during one 
season. Commenced in 1907. 

Collect grasshoppers and mosquitoes to make a representative collection. Good 
collection of grasshoppers; only a beginning with mosquitoes. 

Shade tree and forest insects. Observations and experimental data collected through 
several years. J. 8S. Houser, in immediate charge. 

Spraying mixtures. Considerable testing with newer mixtures, especially for scale 
control. J. S. Houser in immediate charge. 

Stored Grain Insects. Experiments with heat and moisture carried on for several 
years. W. H. Goodwin in immediate charge. 

Spraying Machinery Studies. Illustrative types and demonstration machine 
sectioned to show construction. Improvements and new features. Carried on 
for several years. Mostly published. W.H. Goodwin in immediate charge. 

Important fruit insects in the Lake Erie Fruit Belt. Two years observations. J. L. 
King in immediate charge. 

Household insects. New developments investigated. R. D. Whitmarsh in imme- 
diate charge. 

Oregon, Corvallis,—H. F. Wilson. 
Insecticides and combination sprays. Begun 1912. 


Pennsylvania, Harrisburg,—H. A. Surface. 

Varieties of cultivated plants, especially fruits, in reference to their liability to insect 
and plant disease injury. Progress slow. 

Improvement of the lime-sulfur solutions. Completed. 

Practical dissemination of insect parasites, especially of San José scale. 

Native reptiles and amphibians as enemies of insects. 


South Carolina, Clemson College,—A. F. Conradi. 

Relation of temperature and moisture to insect activity. Begun 1910. Progress slow. 

Effect of oils on gloomy and cottony maple scales. Begun 1911. Good success. 
West Virginia, Morgantown,—L. M. Peairs. 

The relation of temperature to insect life. Begun in 1904 by Professor Sanderson. 
Satisfactory progress. 

Dusting in the orchard. Sufficiently complete for preliminary report. 

Dusting for truck crop insects. Fair progress. 

Minor orchard insects. Determination of distribution and damage from minor pests. 

Control of apple and peach borers. Considerable data. W.E. Rumsey. 
Wisconsin, Madison, J. G. Sanders. 

Control of onion maggot and other onion insects. Begun 1910, discontinued until 
1912 and continued up to 1914. 

Tobacco insects of Wisconsin. Mr. Stewart C. Chandler in charge. Begun 1914. 
Progress satisfactory. 

Insects injurious to truck crops in Wisconsin. Neale F. Howard in charge. Begun 
1914. To be continued. 


Taxonomic DIRECTORY 

THYSANOPTERA. 

W. E. Hinds, Auburn, Ala., will classify for privilege of retaining duplicates and of 
naming and describing the new species. 

Matiopuaca and ANOPLURA. 

V. L. Kellogg, Stanford University, Cal., will classify collections (under reservation 
as to available time) for usual privileges; especially glad to examine material from 
mammals. 
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ORTHOPTERA. 
R. A. Cooley, Bozeman, Mont., will classify Orthoptera of the Northwest. 
B. H. Walden, New Haven, Conn., will classify, in so far as other work will permit. 


MEMBRACID®, JASSID#, CERCOPID# and FULGORID2. 

Z. P. Metcalf, West Raleigh, N. C., will classify for permission to retain new and 
unusual forms for further study, and to dispose of a fair number of such forms as he 
may see fit. 

JASSID®. 

E. D. Ball, Logan, Utah, will classify North American forms under the usual con- 
ditions. 

APHIDID. / 

C. P. Gillette, Fort Collins, Colo., will classify, provided data on food plants and 
date and location of capture are furnished, and the privilege of retaining the speci- 
mens of special interest when there are duplicates. 

H. F. Wilson, Corvallis, Oregon, will classify A phidide if data on food plants, dates 
and location of capture are furnished. The correct scientific name of the food plant 
should be given. Material in the subfamily Lachnine is especially desirable. 

APpHIDID# and PsyLuip&. 

Edith M. Patch, Orono, Maine, will classify on receipt of mature material in good 
condition with record of food plant accurately determined on which the species de- 
veloped. 

ALEYRODIDE. 

J. R. Watson, Gainesville, Fla. 

Coccip# and ALEYRODID2. 

W. E. Britton, New Haven, Conn., will classify in so far as other work will permit. 

Coccip. 

J. G. Sanders, Madison, Wis., will classify species of the genus Lecanium. 

R. A. Cooley, Bozeman, Mont., will classify the genera Chionaspis. Hemichion- 
aspis and Phenacaspis of the world. 

R. H. Pettit, East Lansing, Mich., will classify in so far as other work will permit. 

HETEROPTERA. 

Paul S. Welch, Manhattan, Kansas, will classify, in so far as other work will permit, 
aquatic Heteroptera. 

SARCOPHAGID® of the U. S. 

‘R. R. Parker, Amherst, Mass., will classify. 

CHIRONOMID® and MyYcrToPHILip. 

O. A. Johannsen, Cornell University, Ithaca, N. Y., will classify for the privilege 
of retaining desiderata. 

Muvscorp Fuss. i 

Charles H. T. Townsend, U.S. National Museum, Washington, D. C., will classify 
as time permits. Will send names in return for specimens. 

Empmpip&. © 

A. L. Melander, Pullman, Wash. (at the Bussey Institution, Forest Hills, Boston, 
Mass., until June), will determine Empidide (Diptera) for the privilege of retaining 
desiderata. 

SYRPHIDZ. 

A. L. Lovett, Corvallis, Oregon, will determine if duplicates are sent. 

ITONIDID#. 

E. P. Felt, State Museum, Albany, N. Y., will classify provided the midges are new, 
from new localities or have been reared and food record is available. 
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MBEGASTIGMUS. ; 
C. R. Crosby, Cornell University, Ithaca, N. Y. 


CHALCIDOIDEA. 
A. A. Girault, Brisbane, Queensland, Australia, will classify. 


BoMBID#. 
H. J. Franklin, East Wareham, Mass., will classify to limit of his spare time. 


TENTHREDINID® and URocERIDz. 

A. D. MacGillivray, 603 W. Michigan Ave., Urbana, IIl., will classify in so far 
as other work will permit for permission to retain types and specimens not present 
in collection. 


APHIDIINA and Oprn#, sub-families of BRACONIDA. 
A. B. Gahan, College Park, Md., will classify on condition that specimens may be 
retained if desired. 


SpHEcID#, Errpinm, APoRIN#H, genus IcHNEuMON of N. E. 
H. T. Fernald, Amherst, Mass., and assistants will classify. 


JcHNEUMONIDS. 
J. H. Merrill, Manhattan, Kansas, will classify, in so far as other work will permit 
Rhyssides of the Ichneumonide. 


APOIDEA. 

E. G. Titus, Logan, Utah. For permission to retain types and specimens not 
present in his collection. 

Myron H. Swenk, Lincoln, Neb., will classify members of this group from Nebraska, 
and any North American member of the following genera—Colletes, Nomada and 
Anthidium. 


NYMPHULIN”. 
Paul S. Welch, Manhattan, Kansas, will classify in so far as other work will permit, 
the family Nymphulinae. 


Mr. Gupnn W. Herrick: In regard to this report, I would like 
to state that if it is published together with the projects of the Bureau 
of Entomology, it will occupy about 46 printed pages which is nearly 
as many as are sometimes published in a single number of the JoURNAL 
or Economic Entomotocy. The projects of the Bureau of Ento- 
mology have already been published by the Department of Agriculture 
and are available to the members of the Association. 

After a general discussion of the feasibility of publishing the entire 
report in the JoURNAL, it was voted that the report as presented by 
the committee, which would occupy about 16 printed pages, be pub- 
lished in the JouRNAL, and that reference be made to the projects of 
the Bureau of Entomology so that the members desiring to secure 
printed copies of these projects could obtain them from the Depart- 
ment of Agriculture. 

PRESIDENT H. T. Fernaup: I will now appoint the committees 
for the meeting: ; . 

COMMITTEE ON Auprrine: T. J. Headlee and Franklin Sherman, 
Afra 
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CoMMITTEE ON ResouuTions: W. C. O’Kane, C. Gordon Hewitt 
and George A. Dean. 

CoMMITTEE ON NomINATIONS: Wilmon Newell, A. L. Quaintance 
and C. P. Gillette. 

The next order of business is the action on the proposed amendment 
to the by-laws. 

Mr. EE. P. Fevt: It-if is in order, I would like to substitute in 
the proposed amendment the words ‘‘one dollar and a half”’ for ‘“‘two 
dollars,’’ for annual dues for active members. In explanation of this 
I will say that at the present time all members are paying $1.00 for 
the JouRNAL. Active Members pay $1.00 membership fee and Asso- 
ciate Members 50 cents. If we leave the by-law as it stands and con- 
tinue the price of the JouRNAL to members at $1.00, the Active Mem- 
bers will receive their membership and the JouRNAL for $3.00; Asso- 
ciate Members for $2.00. If the subscription price of the JouRNAL 
is advanced 50 cents to both members and non-members, it will mean 
that Active Members will pay $1.50 a year for membership fee and 
$1.50 a year for the JouRNAL, while Associate Members will pay $1.00 
for membership fee and $1.50 for the JourNAL. ‘This arrangement 
will result in placing the additional funds where they are most needed. 

Mr. T. J. HeapLEE: I would like to inquire whether this arrange- 
ment will provide ample funds for publication. I have felt that we. 
need more money for publishing the JouRNAL and that we ought to 
take care of all papers that may be presented for publication and do 
it rather promptly. I would like to see the JOURNAL grow in size and 
serve a larger constituency. 

SECRETARY A. F. Burcnss: In answer to the question raised, I 
will say that if this motion prevails and the change in subscription rate 
is made for the JOURNAL in accordance with the suggestion made by 
Mr. Felt, I think the stringency will be relieved and we will be in good 
financial condition. I believe we will be able to print a somewhat 
larger volume of matter in the JouRNAL but this will depend on how 
severely our foreign subscription list is curtailed. 

It was voted to adopt the amendment suggested by Mr. Felt and 
Article3, Section 1, of the By-laws was adopted so that it readsas follows: 

“The annual dues of Active Members shall be $1.50 and the dues 
of Associate Members $1.00, which shall be payable in advance. No 
dues shall be payable from foreign members. Annual dues shall not 
include subscription to the JouRNAL oF Economic ENTOMOLOGY.”’ 

Mr. E. P. Fett: In view of the fact that the Advisory Com- 
mittee last year recommended an increase of 50 cents in the sub- 
scription price of the JouRNAL oF Economic ENTomo.Locy, I move 
that this increase be adopted by the Association. 

This motion was seconded and carried. 
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SECRETARY A. F. Burcsess: In the report of the Executive Com- 
mittee a suggestion was made in regard to the possibility of holding a 
special meeting at San Francisco next year. It appears that the 
Executive Committee do not think it desirable to hold the annual 
winter meeting there. We have a large attendance at this meeting 
and it would seem desirable for a committee to be appointed to con- 
sider the matter and report at the last session on the advisability of 
holding a summer meeting at San Francisco. I would therefore move 
that a committee of three be appointed to consider this matter and 
report at the last session. 

The motion was seconded and carried. 

PRESIDENT H. T. Fernaup: I will appoint on this committee: 
W.-E. Britton, R. A. Cooley, and E. G. Titus. 

SECRETARY A. F. Burcress: My attention has been called to the 
fact that Mr. H. E. Summers is not able to attend this meeting on 
account of illness. He is one of our representatives on the Council of 
the American Association for the Advancement of Science. I would 
therefore move that the Chair appoint a substitute to serve in Mr. 
Summers’ absence. 

The motion was carried and the President appointed Mr. J. G. 
Sanders to serve in this capacity. 

Mr. R. A. Cootny: As has been previously stated, Mr. Summers 
is seriously ill and unable to attend the meeting. I move that the 
Chairman appoint a committee of three to draw up a suitable telegram 
to forward to him expressing the sympathy of the Association and 
our wish that he could have attended the meeting. 

The motion was seconded and carried unanimously. 

The President. appointed on this committee: R. A. Cooley, Herbert 
Osborn and Wilmon Newell. 

The final business session was held Thursday, December 31. 

Presiwent H. T. FERNALD: We will now listen to the report of 
the Auditing Committee by T. J. Headlee. | 

December 31, 1914. 
To THE AMERICAN ASSOCIATION OF ECONOMIC EXNTOMOLOGISTS: 

Your auditing committee has examined the accounts of the Association, of the 
JoURNAL and of the Entomologists’ Employment Bureau and finds them to be 
correct. 

T. J. HEADLEE, 
¥, SHERMAN, JR., 
Auditors. 
On motion, the report was adopted. 
PrResipENT H. T. Fernaup: We will now listen to the report of 


the Membership Committee by R. A. Cooley. 
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REPORT OF THE COMMITTEE ON MEMBERSHIP. 


Your Committee on Membership Recommends 


1. That the following named persons be elected to associate membership: 


Walter S. Abbott, Vienna, Va. 

Arthur J. Ackerman, Washington, D. C. 

Harry W. Allen, Melrose Highlands, 
Mass. 

Irving L. Bailey, Northboro, Mass. 

Geo. W. Barber, Hyattsville, Md. 

A. H. Beyer, Columbia, S. C. 

M. W. Blackman, Syracuse, N. Y. 

E. B. Blakeslee, Washington, D. C. 

L. J. Bower, Salt Lake City, Utah. 

Roy E. Campbell, Sacramento, Cal. 

Thomas R. Chamberlin, Salt Lake City, 
Utah. 

James W. Chapman, Forest Hills, Bos- 
ton, Mass. 

Robt. N. Chrystal, Ottawa, Canada. 

C. R. Cleveland, Durham, N. H. 

Geo. H. Corbett, London, England. 

Harry F. Dietz, Indianapolis, Ind. 

John E. Dudley, Jr., Vienna, Va. 

M. W. Eddy, State College, Pa. 

Wm. O. Ellis, Ithaca, N. Y. 

W. T. Emery, Charlottesville, Va. 

David E. Fink, Norfolk, Va. 

R. J. Fiske, Washington, D. C. 

F. H. Gates, Tempe, Ariz. 

Hugh Glasgow, Geneva, N. Y. 

John E. Graf, Whittier, Cal. 

Ernst Hargreaves, So. Kensington, Lon. 
don, England. 

Bartle T. Harvey, Colorado Springs, 
Colo. 

Willard H. Hasey, Amherst, Mass. 

Chas. C. Hill, Nashville, Tenn. 

Harold R. Hogan, Logan, Utah. 

A. H. Hollinger, Columbia, Mo. 


N. F. Howard, Madison, Wis. 

Ralph W. Howe, Tallulah, La. 

John C. Hutson, Amherst, Mass. 

J. L. King, Cleveland, Ohio. 

Harry H. Knight, Ithaca, N. Y. 

George H. Lamson, Jr., Storrs, Conn. 

Walter H. Larrimer, Wellington, Kansas. 

Edgar M. Ledyard, Berkeley, Cal. 

Mortimer F. Leonard, Ithaca, N. Y. 

Clifton W. Loveland, Providence, R. I. 

James F. Martin, Amherst, Mass. 

Frank L. McDonough, Batesburg, S. C. 

Geo. B. Merrill, Aibonito, P. R. 

Philip B. Miles, Salt Lake City, Utah. 

Wm. Moore, St. Paul, Minn. 

Wilfred A. Osgood, Durham, N. H. 

C. M. Packard, Wellington, Kansas. 

Frank C. Pellett, Atlantic, Iowa. 

W. E. Pennington, Hagerstown, Md. 

C. H. Richardson, New Brunswick, N. J. 

Lawrence P. Rockwood, Salt Lake City, 
Utah. 

Ernest E. Scholl, Austin, Texas. 

E. W. Scott, Vienna, Va. 

E. H. Seigler, Washington, D. C. 

Sterling J. Snow, Salt Lake City, Utah. 

E. H. Strickland, Ottawa, Canada. 

Frank L. Thomas, Athol, Mass. 

Chester F. Turner, Greenwood, Miss. 

Jos. S. Wade, Wellington, Kansas. 

Carrington B. Williams, Merton, Sur- 
rey, England. 

Taylor S. Wilson, Wellington, Kansas. 

Francis Windle, West Chester, Pa. 

William C. Woods, Ithaca, N. Y. 

Max P. Zappe, New Haven, Conn. 


2. That the following named persons be transferred from Associate to Active 


Membership: 


J. M. Aldrich, Bureau of Entomology, 
Lafayette, Ind. 

EK. W. Berger, University of Florida, 
Gainesville, Fla. 


Lawson Caesar, Provincial Entomolo- 


gist, Guelph, Ont., Canada. 


H. E. Hodgkiss, N. Y. Experiment Sta- 
tion, Geneva, N. Y. 

C.-W. Howard, Minn. Exp. Sta., Univ. 
Farm, St. Paul, Minn. 

P. H. Timberlake, Bureau of Entomol- 
ogy, Salt Lake City, Utah. 


Geo. P. Weldon, California Board of Horticulture, Sacramento, Cal. 
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3. The Committee recommends that the following resignations be accepted: 
A. B. Cordley, Corvallis, Oregon (Active). 

J. C. Gifford, Cocoanut Grove, Fla. (Associate). 

R. S. Mackintoch, St. Paul, Minn. (Associate). 


4. The Committee recommends that the Secretary be instructed to notify five 
active members and six associate members who are in arrears for dues for two years, 
and two associate members who were elected last year and have not paid their 
first year’s dues, that if such dues are not paid within three months their names will 
be dropped from the roll. 

5. The Committee recommends that the Secretary be instructed to remit member- 
ship dues to Mr. Theodore Pergande, Washington, D. C., and retain his name on 
the roll. 

6. The Committee desires to submit the following: 

That the establishment of genuine departments of research by manufacturers of 
insecticides or by other similar organizations is to be highly commended, especially 
when the arrangements therefor take the form of endowment of research fellowships, 
thereby placing such work under the immediate direction of college or experiment 
station authorities; but in such cases, membership in this association, active or 
associate, should inevitably indicate disinterested and scientific investigation in 


applied entomology. | R. A. Cootry, 
Witmon NEWELL, 
W. C. O’Kans, 
Membership Committee. 
On motion, the report was adopted. 
PRESIDENT H: T. FERNALD: We will now listen to the report of 


the Committee on Resolutions. 


REPORT OF COMMITTEE ON RESOLUTIONS 


Your CoMMITTEE SUBMITS THE FOLLOWING: 


I. The Association desires to express to Dr. Henry Skinner, Dr. Philip Calvert 
and all other local entomologists, and to the University of Pennsylvania, its hearty 
gratitude for their cordial hospitality and for the admirable facilities provided by 
them for the association meetings. It desires to thank also the members of the 
Veterinary Faculty who have given their personal services at the sessions of the 
association. 

II. The Association desires to place-on record its deep appreciation of the work 
of The Imperial Bureau of Entomology of London, England, in the direction of 
disseminating through ‘‘The Review of Applied Entomology” information regarding 
the occurrence and control of insect pests in foreign countries, which information the 
members of the Association have found to be of very great value in their work on this 
continent. 

III. The Association affirms its unalterable opposition to any tendency toward 
merging the identity of economic or applied entomology with that of plant pathology, 
under the term phytopathology, or other indirectly related but distinct branches of 
applied science; in the belief that such merging is without foundation in logic, utility 


or necessity. ' W. C. O'Kane 
en 5 
C. Gorpon Hewitt, 
Gro. A. DEAN, 
Committee. 


By vote of the Association, the report was accepted. 
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PRESIDENT H. T. FERNALD: We will now listen to the Committee 
on Bibliography by E. P. Felt. 


REPORT OF THE COMMITTEE ON THE PUBLICATION OF THE 
BIBLIOGRAPHY OF AMERICAN ECONOMIC ENTOMOLOGY 


Although the Committee was authorized by virtue of the action taken at the last 
meeting, to proceed with the preparation and publication of this bibliography, it was 
deemed wise to submit the project to the Federal authorities in a more formal manner. 
After some preliminary correspondence and investigation, a communication empha- 
sizing the usefulness of the bibliography, outlining a plan for its preparation and 
strongly urging its issuance by the United States Department of Agriculture was 
forwarded to Dr. L. O. Howard, Chief of the Bureau of Entomology, who kindly 
transmitted it together with a recommendation that the plan as outlined by your 
Committee be adopted, to Dr. William A. Taylor, Chairman of the Committee on 
Publications of the Department of Agriculture. This latter Committee, under date 
of November 20 last, went on record as being fully impressed with the usefulness of 
this publication to working entomologists and as of the opinion that it should be 
published, but in view of the precedent which would be established by the resumption 
of its publication, could not recommend that it be published by the Department and 
the Committee therefore respectfully recommended that it be not approved for 
publication. 

Your Committee, after consultation with Mr. Nathan Banks of the Federal Bureau 
of Entomology, recommends that this work take the form of an index of American 
literature for the decade ending with this year. A comprehensive and detailed plan 
has been adopted. It is estimated that the index will make a publication of from 
100 to 125 pages which can be sold at approximately two dollars a copy. 

Dr. L. O. Howard has kindly agreed to detail a man for the compilation of the 
index, and under the conditions obtaining, your Committee recommends that the 
preparation of the work be begun at once, and in the event of its being impossible 
to find any other satisfactory publishing agency, that the American Association of 
Economic Entomologists issue the index in accordance with the plan outlined in the 
report which was submitted and favorably acted upon at the Atlanta meeting. 


Respectfully submitted, 


Vig lee Oa OH Bass 

W. D. Hinps, 

W. C. O’Kang, 
W. E. Brirron, 
A. F. Burasss, 
Committee. 


Me. E. P. Feut: I want to state that it has taken nearly a year 
to exhaust every reasonable resource to secure the Publication of the 
Bibliography by the United States Department of Agriculture. The 
vote taken at the last meeting provided that if other means could not 
be found for publishing the Bibliography that it be undertaken by the 
Association and the report that has just been presented, commits the 
Association to publish the Bibliography in case no other means of 
publication can be secured. 
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Mr. Witmon NEWELL: I wish to say that I think the Association 
owes this Committee a debt of thanks for the effort which they have 

made to secure the preparation and publication of this Bibltoeraa as 
it will be a great help to all entomologists. 

Mr. W. E. Brirron: The plans suggested by the Committee 
differ slightly from that followed in preparing the Bibliographies that 
were published some years ago. The idea is to prepare it more as 
a bibliographical index. It will take up less space and the Committee 
believes be more useful to the entomologists than the former pub- 
lications. 

By vote of the Association, the report was deen and the Com- 
mittee continued. 

Prestipent H. T. Fernaup: Next in order is the nomination of 
JOURNAL Officers by the Advisory Board. 

Mr. Witmon NEWELL: The Advisory Board of the JouRNAL OF 
Economic ENToMOLOGY nominates the following officers for the ensu- 
ing year: 

Editor, E. P. Felt. 

Associate Editor, W. E. Britton. 

Business Manager, A. F. Burgess. 


By motion the report of the committee was adopted. 

PRESIDENT H. T. FERNALD: We will now listen to the report of 
the Committee on Nominations. 

Mr. Witmon NEWELL: The Committee has found itself in a very 
perplexing situation, with a great deal of valuable material to choose 
from, so that its main regret is that several presidents could not be 
chosen and several additional vice-presidents. The Committee nom- 
inates for: 


President, Glenn W. Herrick. 

First Vice-President, R. A. Cooley. 

Second Vice-President, W. E. Rumsey. 

Third Vice-President, E. F. Phillips. 

Secretary, A. F. Burgess. 

Member of the Committee on Nomenclature, Herbert Osborn. 

Member of the Committee on Entomological Investigations, E. G..Titus. 

Member of the Committee on Membership, J. G. Sanders. 

Councilors to the American Association for the Advancement of Science, 8. A. 
Forbes and C. L. Marlatt. 

Director of Employment Bureau, W. E. Hinds. 

Members of Advisory Board of the JouRNAL oF Economic Entomo.oey, F. M. 
Webster and P. J. Parrott. 


By vote of the Association, the Chairman was instructed to cast a 
ballot for the officers nominated by the Committee. <A ballot was 
cast and the above-mentioned officers were declared elected. 


February, 715] ENTOMOLOGISTS’ PROCEEDINGS 27 


PRESIDENT H. T. FERNALD: Is there any miscellaneous business 
to be acted upon at this time? 

Mr. T. J. Heavier: I have been interested in examining the list 
of Associate and Active members and it seems to me that there are 
some men on our Associate list who should be promoted to Active 
Membership, and I would be very glad to see the Committee next 
year adopt the policy of promoting more Associate Members to the 
Active list. , 

Secretary A. F. Burcess: I would like to call attention to the 
report of the Membership Committee which was adopted by the Asso- 
ciation last year. The first section of that report reads as follows: 

“that in the case of Active members desiring to nominate Associate 
members for Active membership, they shall file such nominations with 
the Chairman of the Committee on Membership at least three months 
prior to the annual meeting. Such nominations shall be accompanied 
by full information concerning the nominees’ publications and other 
qualifications. ”’ 

I wonder how many such statements were filed with the Committee 
on Membership three months prior to the time of this meeting. J am 
not speaking for the Committee on Membership but from the rela- 
tions which I have had with the members, I know that they have an 
immense amount of work to do. They can do it more thoroughly and 
better if they have ample time. I have read this section of the report 
of last year while many members are present so that during the coming 
year those who know of Associate members who should be promoted, 
will take the matter up in time and give the Membership Committee 
a fair chance to consider each case. 

Mr. R. A. Cootzey: I! have been on the Membership Committee 
for three years and I know that it is the wish of that Committee to 
follow strictly the desires of the Association in regard to reeommenda- 
tions concerning membership. It has come to my attention a number 
of times that members of the Association were not fully informed as to 
the limits set by the constitution on Active Membership, and also of 
the resolutions which have been adopted by the Association from time 
to time for the guidance of the Membership Committee. The Mem- 
bership Committee has a difficult task to perform but I know it will 
welcome suggestions from the members of the Association. 

PrEesIDENT H. T. Fernatp: The Chairman has found it some- 
what unpleasant on his part to be obliged to enforce the time limit on 
members who have presented papers. Our rules limit the time for a 
paper to 15 minutes and it is the custom to consider the amount of 
time requested by a member when presenting his title as the maximum 
that he will need. If the rules had not been rigidly enforced at this 
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meeting, I fear we would not have been able to complete our program. 
I would suggest therefore that it will make it much easier for the pre- 
siding officer next year if members will estimate more closely the 
amount of time which they need to present their papers. I would 
also call attention to the reference already made in the report of the 
Executive Committee to the preparation of an official seal for the 
Association. J am sure the new officers will be very glad to receive 
suggestions in regard to a proper design for a seal. 

Mr. R. A. Cootety: The Membership Committee have found it 
difficult to consult the constitution and by-laws of the Association 
owing to the fact that a number of amendments have been made from 
time to time since the constitution was printed. I would therefore 
move that the Secretary be authorized to have the constitution and 
by-laws printed in the JouRNAL during the coming year. 

By vote of the Association, the motion was carried and the Secretary 
so instructed. 

Mr. R. A. Cootey: I wish to report that the committee ap- 
pointed to send a telegram to Mr. Summers has done so, extending the 
greetings of the Association and its wishes for his speedy recovery. 

Mr. C. Gorpon Hewitt: I move that the Association extend 
a very hearty vote of thanks to our President and Secretary, who have 
carried on this meeting with such expedition and in such a satisfactory 
manner. We all appreciate the difficulties which the President men- 
tioned in regard to keeping us within time limits,and I am sure that 
his efforts have been very satisfactory and that we have not suffered 
in any degree from the President’s very necessary rulings. 

By vote of the Association the motion was adopted. 

PRESIDENT H. T. FERNALD: I am sure that the President and 
Secretary both appreciate the kind feelings which you have indicated 
in this way. 

We will now listen to the report of the committee on the next meet- 
ing by W. E. Britton. 


REPORT OF COMMITTEE ON MEETINGS 


Your committee has conferred with a number of members present and all agree 
that a meeting next year in California should not in any way take the place of our 
regular winter meeting. Undoubtedly an extra summer meeting for field excursions, 
papers and discussions would be desirable; it would give western entomologists a 
meeting in their part of the country; it would afford an opportunity for eastern men 
to visit the Pacific Coast, survey the conditions there and at the same time meet 
with their brother workers; a general round-up for interchange of thought and opinion 
would surely be a benefit to those in attendance and to economic entomology in 
America. 

Your committee, therefore, recommends that the Executive Committee of this 
Association be authorized to arrange such a meeting for the summer of 1915; that 
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the Association hold its next annual meeting in affiliation with the American Asso- 
ciation for the advancement of science, and that all arrangements for this meeting 
be referred to the Executive Committee with power to act. 
W. E. Britton, 
R. A. Coo.ey, 
he Ge Lirus: 
Committee. 


By a vote of the Association, the report was accepted and recom- 
mendations adopted. 

Mr. E. G. Tirus: Inasmuch as there will be a western meeting 
next summer, I wish in behalf of the entomologists of Utah to invite 
any members going west to stop at Salt Lake City. If you will advise 
us when you are coming, we will endeavor to meet you. There are 
a number of entomologists in that city and they will all be glad to 
receive you. 

Mr. R. A. Cootrny: I wish to say that in going to California, 
you can pass through Montana by travelling on the Northern Pacific 
Railroad. We would certainly be delighted to receive you in Montana 
and show you every courtesy. . 

Mr. C. Gorpon Hewitt: I should like to add to the remarks of 
the last speakers that the Canadian Pacific also offers a delightful and 
interesting route to the West. We would be pleased to entertain any 
members who may be going that way. 

Mr. Grorce A. DEAN: Inasmuch as so many have given glowing 
invitations, I would like to call attention to the fact that we in Kansas 
are right in the center of the United States, and that it is a good 
place to break the long journey. We can’t give you anything to drink 
out there except water, but we can assure you of a hearty welcome at 
Manhattan, right on the main line of the Rock Island and the Union 
Pacific. 

Mr. Witmon Newe tu: In connection with the invitations already 
presented, permit me to say that there are some people of good taste 
and refinement that occasionally take the southern route to California, 
and I would go farther and in the language of a New Qrleans restaurant, 
would say that ‘“‘If you would see and be seen by people of prominence, 
take the southern route,”’ and we would be more than glad to welcome 
you and give you consideration for entomological and gastronomical 
things. (Applause.) 

PRESIDENT H. T. FerNAtp: If there is no other business, I hereby 
declare the twenty-seventh annual meeting of the Association ad- 
journed. 
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PART IIT PAPERS AND DISCUSSIONS 


PRESIDENT H. T. FERNALD: I will ask first Vice-president Herrick 
to take the chair. 

VicE-PRESIDENT HERRICK: We will listen to the annual address of 
the President. 


SOME PRESENT NEEDS IN ECONOMIC ENTOMOLOGY 
By H. T. Fernatp, Amherst, Mass. 


The wonderful progress of economic entomology during the past half 
century in this country, and more recently in other lands, has to a 
large extent, after all, been pioneer work and the farther exploration 
has advanced, the broader the territory has been found to be. Who 
foresaw at the time of Dr. Riley’s first presidential address in 1890, 
that twenty years later entomologists would be studying pellagra, 
typhoid, and other diseases to determine the relation insects bear to 
them, or that the importation of parasites and the study of insect dis- 
eases weuld perhaps lead to successful methods of control? A few of 
those having the broadest vision perhaps, but only afew. Today if we 
examine the fields of investigation awaiting the worker no limits 
seem in sight, and each year to come is liable to bring with it the first 
steps in paths hitherto untrodden. 

Stated briefly. the present needs of the economic entomologist ap- 
pear to group themselves under two main heads. These are: first, 
more complete and accurate investigation of subjects which have al- 
ready been more or less studied; and second, the investigation of new 
territory ; while correlated with both are certain needs which are neces- 
sary to the successful prosecution of either. To consider some of the 
subjects under these heads is my purpose today. 

It has been said that we do not know everything which should be 
known about even one insect. I well remember that when the book 
on the gypsy moth appeared in 1896 someone remarked—I think at 
one of these meetings—that it was the nearest to a monograph of an 
insect which had ever appeared. But if we examine the wonderful 
contributions to the life, habits, enemies and methods of control of 
this pest which have since appeared, it becomes at once evident how 
far it fell short of being what it was supposed to be. Since the appear- 
ance of that book the labors of State and United States workers have 
probably doubled our knowledge of this insect, and still there is much 
more awaiting discovery. 
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If this be true, how much more is it true of many others of our most 
common pests. How much uncertainty is to be found with reference 
to the fall brood of the army worm—what method of spraying is the 
best to use for the codling moth—how may we best attack the species 
of white grub, wire worms, etc.? But it is unnecessary to multiply 
examples. They will occur in too large numbers to all. 

First, then, let me make a plea for more exhaustive studies-of the 
life histories of even our most common pests. Some small, apparently 
unimportant point, perhaps already partly revealed, may on investiga- 
tion prove the key to a new and successful method of control or at least 
solve some perplexing point. Thus the discovery of aerostatic hairs in 
young gypsy moth larve has provided a possible explanation for the 
appearance of colonies in unexpected places and has pointed out the 
necessity for close watching far beyond limits of continuous distribution, 
to discover and suppress such colonies before they have become so 
large as to make this impossible. 

After all, we have thus far been merely skimming the surface in this 
part of our work and among other things not the least important is a — 
thorough knowledge of the lives of our insect foes. 

What has just been said also holds good for another class of insects— 
those which though ordinarily not injurious may at some time be- 
come so. When the saddled prominent (Heterocampa guttivitta Walker) 
suddenly appeared in destructive abundance a few years ago, the en- 
tomological workers in the region attacked were seriously handicapped 
by the fact that practically no information about this insect was avail- 
able, and their time was taken, less by giving advice what treatment 
to use, than in finding this out for themselves. Of course, this could 
not have been avoided, but nevertheless careful studies of insects 
not ordinarily destructive may at almost any time become of extreme 
value. 

Another subject which needs much more investigation, is that of in- 
secticides. Just as quinine was empirically known as a treatment for 
malaria long before the cause of the disease was known, so are a num- 
ber of insecticides used in treatment, with no definite knowlege as to 
the nature of their action or of their effect on plants. A thorough study 
of various materials, both among stomach poisons and contact insec- 
ticides, to determine their effect on insects, the way in which they may 
be best applied, their action if any, on plant tissue, the range limits of 
safety in strength for application, and variation in any of these points 
under varying conditions of light, temperature, humidity and other 
conditions, should be made with care if we are to learn how and when 
to apply insecticides with entire confidence in theresults. Newstomach 
poisons are undoubtedly awaiting discovery, yet until within the last 
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half dozen years the possibility that anything but arsenic could be used 
does not seem to have occurred to most workers. The work of Max- 
well-Lefroy along this line in India deserves mention here because of 
its pioneer nature. 

When on the same day two peach orchards, one in | Nomheen Ohio 
and the other in Virginia, are sprayed with the same material at the 
same strength, and apparently under practically the same conditions, 
and one orchard is severely injured while the other escapes, it is time 
for a critical study of all the factors concerned in spraying. 

And here I must make a statement which will seem very academic in 
its nature. In research experimentation in almost every case a large 
number of factors are involved. Frequently these are light, tempera- 
ture, humidity, composition and variations in composition of the 
material used, time of year, etc. If we are to obtain positive and con- 
clusive results from our experiments we must take into account every 
factor which may possibly be concerned, and run a series of experi- 
ments in which only one factor shall vary, the others remaining fixed. 
This, of course, means a complete series for each factor involved, in 
combination with every variation of every other factor. Such experi- 
ments take time—often many years—to produce complete results, but 
the necessity for conducting them in this way if the conclusions reached 
are to be relied upon, should be self-evident. Yet a careful analysis 
of many of the experiments, the results of which have been published 
during the last decade, shows that in some cases three, four or even 
more of the factors which might influence the results have been allowed 
to vary at the same time. Under such conditions as these I claim that 
the principle just advanced, even though acknowledgedly academic, 
is being so largely ignored that attention should be called to it, and that 
work done without due care should receive only such fractional credit 
as it deserves, without acceptance as a final dictum. 

Some of those present today listened last year to a magnificent 
presentation of the methods used in the investigation of pellagra in 
the South. Several afterwards remarked that such thoroughly sys- 
tematized and comprehensive studies could only be carried out with 
the resources and staff which the Government alone could supply. 
But if this should be true (and I doubt it), this is no reason why such 
work as is attempted should not be prosecuted in accord with the 
simplest principles of inductive logic, as far as it goes, resulting at 
least in reliable records of the ground actually covered. 

The ‘‘bug versus bug”’ doctrine which has been so actively promul- 
gated in various parts of the country is a most attractive one. It ap- 
peals to the legislator, to the farmer, and to the business man as a 
natural and logical method for the control of our increasing insect 
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enemies, and it is probable that appropriations for investigations in 
this subject can be more easily obtained than for any other form of 
entomological work. Much has been done along this line, particularly 
- by the United States Department of Agriculture, and many striking 
results have been obtained. If, however, a supposed parasite when 
imported and liberated should prove to be a secondary parasite, much 
of the benefit of the entire work might be lost, thus emphasizing what 
has already been said as‘to the necessity of a thorough knowledge of 
the life history and habits of every insect. The introduction of para- 
sites will undoubtedly prove an extremely important part of the work 
in economic entomology in the future, but it must be conducted only 
by the most competent persons and after a thorough knowledge as to 
what will happen thereafter in each case. 

An examination of the list of subjects under investigation, given 
in the JOURNAL OF ECONOMIC ENTOMOLOGY, suggests one or two points 
of interest to consider for a moment. One of these is—How many 
subjects can be completely worked out by one man who feels the pres- 
sure for publication behind him all the time? It seems likely that 
this pressure must often result in premature and imperfect publica- 
tions, liable to give misleading impressions. A few years ago, at one 
Experiment Station at least, the director would sometimes inquire 
whether the entomologist of that station ever intended to get out a 
bulletin. Under such conditions one cannot expect the best work, 
but instead the production of hastily prepared and fragmentary 
papers. Another thought developed by an examination of the list is 
that to make satisfactory progress on all the projects named, in 
same cases; the investigator must be working twenty-four hours per 
day, seven days each week. Such pressure ‘as this can only lead to 
an impairing of the quality of the work done, and it would seem wiser 
to attempt fewer projects and thus obtain more comple and satis- 
factory results. 

Many other topics might be legitimately touched upon here, but 
time will not permit. I therefore turn to the second division of my 
subject; viz., the investigation of new territory. 

Under this head there are undoubtedly many surprises in store for 
us. The gates to several new fields of entomological knowledge have 
recently been discovered and are now standing ajar, giving us glimpses 
of what may come. One of these is the field of medical entomology, 
and the presidential address before this Association two years ago ably 
pointed out the progress which has already been made in that line. 

To: mention some other topics: which promise rich returns to the 
investigator is a dangerous task, for in ‘the ‘time available it is impos- 
sible to even name them all, and to touch on only‘a few would seem 
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to be making invidious distinctions. Yet to everyone, certain subjects 
appeal more strongly than others, and on this basis of personal in- 
terest alone, a few which have for one reason or another appealed 
strongly to the speaker, may be referred to briefly. | 

The researches of Bachmetjew upon the temperature relations in 
insects, followed by those of others who have applied his discoveries 
to the preservation of life during the winter—investigations in which 
Sanderson and others have been active in this country—are full of 
significance. Closely connected to this have been the studies of the 
relation of temperature to development, one paper on which was pre- 
sented at the last meeting of this Association. It is my belief that 
work along these lines has only just been begun, and that the results 
will prove of great importance, not only to pure science but to economic 
entomology. . 

Another field which promises to contain much of great value is that 
of the relation of food to reproductive activity and to longevity. 
Though thus far investigated mainly with reference to parasites, it 
would seem to be of importance everywhere, and the subject de- 
serves far more extended exploration. 

The subject insecticides has already been referred to, but how little - 
we really know as to the way in which some of them actually kill in- 
sects has been most interestingly shown by Shafer. More work in this 
field is waiting, and results of an importance which cannot yet be es- 
timated are sure to come. | 

Whether it is possible by methods of plant breeding to produce 
varieties having greater freedom from the attacks of insects than those 
now in use, is a field which so far as I know has not yet even been seri- 
ously considered. ‘The only cases which occur to me are the recom- 
mendation to select varieties of wheat which ‘‘tiller”’ freely, as a means 
of saving wheat fields liable to attack by the Hessian Fly, and the 
unfortunate one where two New Jersey nurseries apparently spread 
the San José Scale over the country in their attempts to find a Cur- 
culio-proot plum, and even those do not come strictly under the head 
of actual plant breeding. Whether this field will prove productive 
no one can tell at present, and actual exploration will be necessary to 
determine whether it is to be of any value. 

The sensation produced by the appearance of a bulletin a few years 
ago upon the arsenical poisoning of fruit trees by spraying is still well 
remembered by us all. Here was a new field for exploration and a 
number of workers have now attacked this subject. Whatever the 
final conclusions reached may be, more information along this line is 
necessary, and it may be permissible to suggest that a knowledge of 
what ‘‘thou shalt not’? do in entomology is ofttimes as valuable as 
knowledge in its positive form. 
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Insect outbreaks and their causes are as yet entirely without ex- 
planation except in such general terms as to leave us as uncertain when 
to expect them and how to prevent or prepare to meet them as before. 
We guess they may be due to climatic conditions beyond our control 
or perhaps to an unusual absence of the natural enemies of the insects 
concerned. I find practically no evidence on the subject, however, 
and if climatic conditions are involved we lack any knowledge as to 
what these are. We need pioneers to explore this field and can only 
hope that some day, even if they cannot tell us how to prevent the 
outbreaks, they may discover the principles involved and be able to 
warn us of those soon to come. When the entomologist can publish a 
notice that the army worm, for example, will appear in destructive 
abundance the coming summer, based on anything like definite cer- 
tainty, we may consider ourselves as having made a long forward step 
in the progress of the science to which we are devoting our lives. 
Whether this can ever become possible is after all aside from the point. 
We must explore the field and find out. Personally, taking the prog- 
ress of entomology in the past as a criterion, I believe the time will 
come when the causes of outbreaks will be thoroughly understood and 
their times predicted with nearly as great accuracy as is now done for 
the weather. 

The possibility of the successful introduction and spread of insect 
diseases through the agency of man has been given some attention 
for quite a long time. Thus far the results can hardly be called en- 
couraging, for though disease is often very effective, man’s relation 
to it appears to have been quite unimportant, the factors determining 
success seemingly having been beyond his control. Whether this will 
always be the case, or whether the introduction of new methods of 
work and distribution may place this field in the list of those which 
can be profitably tilled, can only be learned by further research. It: 
is to be hoped, therefore, that workers in this line may continue their 
investigations until its possibilities have been fully demonstrated. 

Factors which influence the distribution of animals and plants have 
been given considerable attention by zodlogists and botanists, at 
least since the appearance of Wallace’s two classic volumes on ‘‘ The 
Geographical Distribution of Animals.’’ In all the literature on this 
subject, however, little consideration has been given to insects. Pass- 
ing references, allusions to the presence of different forms in the differ- 
ent life zones, and general statements make up the bulk of published 
information about insects in this field. So far as I can learn, no argu- 
ment bearing on crop raising has ever been provided from this source 
of information. The publications of the Bureau of Biological Survey 
list the mammals, birds and other vertebrates, and the plants of the 
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zones; and shells have occasionally been studied from this standpoint. 
Yet particularly within certain areas insects are of great assistance in 
indicating zone limits, and the only data available for study are faunal 
lists, in which too often the exact localities of capture and the eleva- 
tion are unrecorded. We generally even lack a knowicdee which 
zone a given insect particularly belongs to. 

Of course, many insects are so hardy and have such powers of flight 
that they cannot be taken into consideration as evidence. Many 
others, however, provide us with important information if we only 
know how to use it. 

It may seem almost outside the realm of entomology or at least 
economic entomology to be concerned with distribution except in the 
most general way, and it is true that in a number of states—perhaps 
a great many—all kinds of insects present at all are liable to be found 
anywhere in the state where their necessary food occurs. In many 
other states, however, this is far from being the case and the determina- 
tion of the zonal limits in those states as indicated by the insects and 
supported by other animals and by plants, can lead to modifications 
in the crops raised, with direct benefit to agriculture. | 

To illustrate this by the conditions found in Massachusetts: This 
state is generally considered as being mainly in the Transition Zone, 
barely touched at one or two points on the south by the upper Austral 
and on the north by the Boreal. A study of distribution shows, how- 
ever, that the entire southeastern portion of the state, the Connecticut 
Valley and two other inlets from the south are inhabited by upper 
Austral forms to a greater or less degree, while quite an area in the 
western end of the state and spots near its northern boundary have 
many Boreal forms. 

Knowledge of this of itself, meant but little at first. But when the 
elm-leaf beetle had become well established, it was finally discovered 
that while it was a serious pest in the upper Austral sections and fre- 
quently of some importance in the Transition Zone, it was never suf- 
ficiently destructive in the Boreal areas to make treatment necessary. 

The elms of Massachusetts are one of her chief attractions, shading 
her streets by their high arches, and growing to perfection. Their 
value has in some cases been fixed at five hundred dollars per tree, and 
nearly every town has thousands of them. Spraying for the elm-leaf 
beetle is almost universal in the state and an expenditure of from five 
hundred to twenty-five hundred dollars for this purpose each year is 
anticipated as a part of almost every town financial budget. Accord- 
ingly, when it was discovered that elms growing in the Boreal region 
need not be sprayed, thus saving that much expenditure to the towns 
concerned, the value of a knowledge of the zonal areas at. once as- 
sumed an economic importance heretofore unrecognized. 


February, 715] FERNALD: NEEDS IN ECONOMIC ENTOMOLOGY 3% 


But another surprise was yet in store. An inquiry from the shore 
in Southeastern Massachusetts about a burrowing insect attacking 
persons out berrying in midsummer led to the discovery that this 
trouble was caused by the larva of a mite, and attention was at once 
directed to the southern “‘jigger’’ and an attempt was made to ascer- 
tain the northern distribution limits of this Acarid. The data were 
decidedly meagre, but the southern shore of Lake Erie and somewhere 
along the New Jersey coast were the most northern points from which 
reports of attacks either by the jigger or some other similarly acting 
pest were received. A scrutiny of records of mammals, birds, -plants, 
etc., captured in Southeastern Massachusetts was then undertaken 
to see if it would throw any light upon the conditions existing in that 
region, and as no collections of insects of any extent seemed to have 
been made there, it was planned to take up the subject by spending 
time in that territory for the distinct purpose of collecting. 

The results thus far have been most interesting though not entirely 
conclusive. Numerous mammals, birds and reptiles abundant farther 
south but not found north of New York or even Central New Jersey 
occur here. Numerous southern plants not recorded from elsewhere 
in New England are found on Nantucket where the flora has received 
particular attention, and some are present on the mainland. The 
insect collections support the view that this part of the state has a 
decidedly southern aspect, and taken all together we find a strip here 
that is not only upper Austral but to some extent, lower Austral as 
well. Meteorological observations show that this portion of the state 
in many regards has summers comparable with those much farther 
south and that the winters are usually mild as compared with those 
only a few miles farther north, and some theory to explain these facts 
is, of course, in order. | 

An examination of the records of the United States Fish Commis- 
sion, which has for many years maintained a station at Woods Hole 
in this district has thrown some light on this subject. According to 
most of our maps the Gulf Stream on its way north apparently leaves 
any close proximity to our coast about at Cape Hatteras, swinging 
strongly to the northeast. The observations of the United States 
Coast Survey and Fish Commission, however, show that this is not 
entirely correct. A study of water temperatures during a series of 
years indicates that the real western margin of the Gulf Stream is 
found not very far east of Nantucket, and also that it varies, in some 
years being much cleser to the land than at others. Occasionally, in- 
deed, it comes so near the land that southern floating animals such as 
the Portuguese Man-of-War are swept up. Vineyard Sound, inside the 
islands, in the current, and other forms belonging much farther south 
may be brought in the same way. 
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It has been suggested that the strength and direction of the wind 
influence the fluctuation of the Gulf Stream, perhaps begun by an 
unusual strength of the southeast trade winds and their extension 
farther north than is usually the case. Whatever the cause may be, 
however, the fact remains that the Gulf Stream swings in and out, its 
western edge sometimes remaining near the coast for a number of 
years, and with this demonstrated we have a satisfactory basis for the 
theory that southern forms may from time to time be brought to the 
southeastern shores of Massachusetts in this current, thus accounting 
for their occurrence there. It also offers an explanation for their con- 
tinued presence, for the near proximity of such a large body of warm 
water must naturally affect the climate of that part of the state, mak- 
ing it inhabitable for forms normally found much farther south. 

Occasionally a severe winter, particularly when the oscillation of 
the Gulf Stream is eastward, must result in the destruction of many 
of these transplanted forms, but with the return of the Stream to its 
more westerly course the reéstablishment of such animals and plants 
as may be caught in this current and can survive the journey is likely 
to occur. 

The practical application of these facts to agriculture comes in their 
bearing on the possibility of raising southern crops in the territory 
affected. With a summer thus lengthened, and warmer than in most 
of the state, the possibility of making use of these conditions to ad- 
vantage presents itself, limited only by the nature of the soil and fac- 
tors which aside from seasonal features require consideration. 

A little work along this line has already been begun in an experi- 
mental way, and it has been found that sweet potatoes and peanuts 
can be raised on Cape Cod under the usual conditions there. Cotton 
might possibly be grown also, if the proper soil conditions could be 
found, but this has not been tried. The greatest value thus far re- 
sulting from the facts just presented is the realization that crops can 
be planted late, to supply the markets after the main season is over, 
without danger of their loss by early frost, and this is now being taken 
advantage of. | 

The conditions in Massachusetts have been dwelt upon at some 
length, because of familiarity with them; that life zones play a part, 
to some extent at least, in many other states is certain. The possibility 
of taking advantage of them is something which deserves considera- 
tion, and even if no direct economic result is obtained, a knowledge of 
the distribution of insects in the zones will be a great and useful addi- 
tion to entomology as a whole. 

Another present need of economic entomologists is a better knowl- 
edge of foreign insects. Modern transportation facilities have ren- 
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dered easy the introduction of the pests of other countries, and in spite 
of all the laws, supervisory boards and inspectors now actively at work, 
some of these pests at least are sure to slip in. To recognize these in 
their different stages and to know what steps to take for their control 
as soon as they appear are points becoming more important each day, 
and any information which can be obtained on this subject would be 
welcomed by every entomologist. It is to be hoped that specialists 
connected with the Department of Agriculture may before long find it 
possible to prepare a bulletin in which the worst pests of foreign lands 
liable to reach and establish themselves here may be dealt with in 
detail, and that illustrations of the different stages of these insects 
may be given to aid in their recognition. 

The nun moth, to take a_particular case, is regarded as a serious pest 
in Europe. When we consider the often difficult conditions under 
which our inspectors of imported nursery stock work: in places 
poorly lighted, or as night comes on; with work enough often for three 
men, and only one to do it; with plants so dense that it is often impos- 
sible to get at every part; with earth at the roots, which should not 
be removed: and too often also, with only a most general idea of what 
may possibly be found; under such conditions as these, we can hardly 
be surprised if some day the nun moth may escape observation, and 
before discovery, establish itself in this country, and what is true of 
this insect is true of many others. Sooner or later then, the American 
entomologist must to some degree become a world entomologist and 
the sooner his training covers this broader field, the better, for in the 
opinion of the speaker, the time must ultimately come when in spite 
of laws and inspections the pests of one country will become the pests 
of all others except where climate, lack of food, or other natural con- 
ditions operate to prevent it. 

Whatever line the economic entomologist may pursue, it is evident 
that to reach the best results, more thorough work will be required. 
The study of a pest without finding a satisfactory method of control 
means either that the investigation was not complete, or else that our 
knowledge of control methods is defective. Frequently both are true. 
To obtain results of the kind desired, more careful and thorough—I 
may say monographic—work will be necessary. For this a natural 
aptitude, coupled with thorough training are essential to the worker, 
and in the long run the great results will be mainly achieved by men 
of this type. Persistence, attention to details, not knowing when at 
any moment one of the smallest of these may provide a solution of the 
problem, an active, inductive mind, and extreme patience in working 
are factors essential to success. 

But whatever the work may be, when success has been attained, 
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the problem of publication almost always presents itself as the last 
and often by no means the easiest one to solve. Brief papers are fairly 
well taken care of now by the various entomological journals, but the 
best work of the future is liable to become more and more compre- 
hensive in its nature, and for contributions of this kind there are few 
opportunities for publication. One crying need in economic entomol- 
ogy at the present time is a place where the results of extended re- 
search can be published in full. An entomological Journal on the 
plan of the Journal of Morphology would greatly help in relieving this 
condition, though like that journal it is probable that within a short 
time papers might be delayed.a year or more before publication. Even 
then, such a magazine would be of great assistance, and with sufficient 
funds to permit of the frequent publications of numbers, the problem 
would be solved at least for the most part. Such a publication, how- 
ever, would probably never pay for its cost and the problem of publi- 
cation accordingly becomes one of financing. Where is the man who 
will establish a publication fund, or the organized body which will 
make a supporting grant, for this purpose? When this question. has 
been answered. one of the most important present problems of economic 
entomology will have been solved. 


VICE-PRESIDENT HeERRIcK: We have listened to this exceedingly 
suggestive address by the President. It is customary to defer dis- 
cussion until the next session. 

Presipent H. T. Fernaup: The first paper on the program will 
be presented by T. J. Headlee. 


THE CONTROL OF MOSQUITOES IN A LIMITED 
LOCALITY 


By THomas J. Heavier, Pu.D., New Brunswick, N. J. 


INTRODUCTION 


Adequate consideration of the problem of controlling mosquitoes in 
a limited locality involves a careful study of the nature of the breeding 
places within the proposed limits and an almost equally careful exam- 
ination of the environs of the area to be protected. Conditions may 
be found within the area or in the territory surrounding it which will 
prevent successful work except at prohibitive cost. Any person, cor- 
poration, or municipality planning to take up anti-mosquito work 
should, therefore, have the territory to be protected and its. environs 
carefully studied to see whether effective work can be done at a figure 
which he or it is willing to pay. 
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- For the past three years two counties in New Jersey have been 
trying to control the mosquitoes within their limits. For the past 
two years two other counties have been engaged in similar work. 
Three of these: counties—two of which have been working three, and 
one, two years—are sufficiently alike in their internal and external 
conditions to render a comparison of their methods and results of value. 
For purposes of discussion, they will be referred to as counties A, B, 
and C. 


DESCRIPTION OF THE COUNTIES 


County A consists of two rather narrow parallel ridges of high 
ground that run northeastward—one on each side of the Hackensack 
River Valley. The eastern ridge extends southwestward along the 
head of Newark Bay to the Kill-von-Kull; and New York Bay and the 
Hudson River wash its eastern base line. The ridges are rather well 
drained but include between them more than 11,000 acres of salt marsh, 
nearly all of which, before ditching, bred salt marsh mosquitoes at 
some time in the season. The entire area of the county amounts to 
about 60.48 square miles of which 17.29 are tidal marsh and sparsely 
inhabited. A population of 572,172 people is concentrated on these 
two ridges with the great majority on the eastern one. To the north 
of this county lie the 8,378 acres of salt marsh of the upper course of 
the Hackensack River and its tributaries. To the southwest lie the 
8,000 acres of salt marsh along the northern, western and southern 
shores of Newark Bay and to the southward the salt marshes of Staten 
Island. 

County B consists of a greatly rolling surface rising from the salt 
marsh on the northern and western sides of Newark Bay. As one 
proceeds northwestward, the ground rises and becomes rougher until 
the hills merge into low mountains. The 554,069 people are largely 
concentrated in the southeastern section in the city of Newark, but to 
the north and westward of Newark the area is also thickly populated. 
Of the 129.72 square miles of surface, a little more than 7 are salt 
marsh. All of this salt marsh is found along the eastern and north- 
eastern boundary between the high land and Newark Bay. County 
B lies within reach of the 19,846 acres of Hackensack Valley salt marsh, 
the marshes of Staten Island, and the 4,000 acres of County C. 

County C surface is much like that of County B but a large portion 
is level lying.. It begins as a 4,000 acre salt marsh north and west- 
ward of Newark Bay and the Arthur Kill, and rises gently to the low 
mountains along its western and northern edge. Its entire surface 
includes 104.94 square miles. The population is generally distributed, 
the largest city, Elizabeth, showing in 1912 a population of 78,500. 
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To a certain extent this county lies within reach of the Hackensack 
Valley, Staten Island, and Newark Bay salt marshes. 

At this point it should be said that, with the exception of the 8,378 
acres of salt marsh along the upper courses of the Hackensack, an 
effort has been made to drain all these salt marshes, and that only toa 
minor extent do the mosquitoes bred on this exception trouble counties 
A, B and C. 


Tue WorK oF CONTROL 


Inasmuch as the plan of organizing a mosquito fighting machine has 
already been briefly described to this Association, it is sufficient to say 
that the work of control naturally divides into administration (the 
management of the work), inspection (the finding of the breeding 
places), and elimination (the destruction of breeding places). Neces- 
sary to all three phases is the equipment (tools and apparatus), and 
education (acquainting the people with the nature and progress of the 
work). 


ADMINISTRATION 


Under the head of administration is included the necessary ex- 
penses of the commissioners, and the salary and expenses of the chief 
inspector and of his deputies, and of the necessary clerical force. The 
expenses of the commissioners are small or none. The number of 
deputies and the size of the clerical force are variable. County A has 
no deputies and has one person to do all the clerical work. County 
B has two deputies, one clerk and one stenographer. County C has 
one deputy and one stenographer. ‘The variation in percentage of the 
total expenditure devoted to administration is, however, small— 
County A spending 13 per cent and 14 per cent in 1913 and 1914 
respectively. County B, 12 per cent, 12 per cent and 14 per cent in 
1912, 1913 and 1914; and County C, 9 per cent, 13 per cent and 17 
per cent in 1912, 1913 and 1914. 


INSPECTION 


Inspection includes all work done to find the breeding places of the 
mosquitoes, and means on the upland the complete examination of 
the entire territory approximately every two weeks throughout the 
four to five months of the breeding season. On the salt marsh it 
usually means the complete examination of the marsh following each 
flooding by extra high tide or heavy rainfall. 

These examinations are made in different ways. County A has 
made a practice of assigning a district to one inspector and giving him 
some laborers. County B in 1912 and 1913 assigned a district to each 
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man and made him responsible for its condition. In 1914, however, 
a district was covered by a squad and the squads shifted from one 
district to another. County C has adhered to the plan of assigning a 
certain territory to one inspector and holding him responsible for its 
condition. 

It should be said that the inspector is not a permanent employee 
and that his tenure begins and ends with the mosquito breeding season. 
Two to four inspectors are usually kept on throughout the year for the 
purpose of doing ditching and filling work and to serve as teachers for 
the inexperienced men of the larger force. 

Of the total expenditures the percentage devoted to inspection shows 
considerable variation. In County A 18 per cent and 20 per cent were 
devoted to inspection in 1913 and 1914 respectively; in County B 45 
per cent, 31 per cent, 24 per cent in 1912, 1913 and 1914; in County C 
24 per cent, 28 per cent and 33 per cent in 1912, 1913 and 1914. 


ELIMINATION 


Under the term elimination is included all those operations of drain- 
ing, filling, oiling, cleaning and stocking with fish that are necessary 
to do away with mosquito breeding places. All the small jobs are 
attended to by the inspectors as they go about their duties, and a very 
considerable part of this work is thus cared for under the head of in- 
spection. The treatment of the larger places is a matter for laborers 
employed by the commissions or for doing under contract. 

A large share of the funds go to this work. In County A 63 per cent 
and 61 per cent were used in 1913 and 1914; in County B 33 per cent, 
51 per cent and 54 per cent in 1912, 1913 and 1914; in County C 59 
per cent, 46 per cent and 40 per cent in 1912, 1913 and 1914. Of the 
total expenditures for elimination only a part was used on the upland, 
the rest being expended on the salt marsh. Of the expenditure for all 
purposes, in County A 31 per cent and 32 per cent were used for elim- 
ination of upland breeding places in 1913 and 1914 respectively; in 
County B 19 per cent, 21 per cent and 23 per cent were used in 1912, 
1913 and 1914; while in County C 32 per cent, 31 per cent and 21 per 
cent were employed in 1912, 1913 and 1914. 

Thus it appears that about half of ali expenditure is devoted to 
elimination of large breeding places, and that of this amount about 
one-half goes to the upland. 


EQUIPMENT 


Equipment covers spades, hooks, rubber boots, bicycles, motor- 
cycles, automobiles, surveying instruments, tapes, chains, office furni- 
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ture, filing cases and typewriters. As might be expected, there is 
much variation in the amount and kind of equipment used by the 
different organizations. 

The percentages of the total expenditures for equipment run as 
follows: County A, 5 per cent and 4 per cent in 1913 and 1914; County 
B, 9 per cent, 5 per cent and 7 per cent in 1912, 1913 and 1914; County 
C, 6 per cent, 6 per cent and 6 per cent in 1912, 1913 and 1914. 


EDUCATION 


Under the head of education is included the publication and dis- 
tribution of educational pamphlets, the furnishing of newspaper and 
magazine articles, the giving of lectures, and the preparation and plac- 
ing of exhibits. 

With the exception of that used in publishing the annual reports, 
very little money has been expended on education. This is not due 
to little educational work having been done but to the fact that the 
administrative officers and commissioners have furnished much of the 
matter and the publishers have printed it without cost to the com- 
mission. In nearly all cases, however, it has been found advisable to 
prepare and distribute a simple SeeUene | of mosquito life history and 
control methods. 

It should, also, be said that one of the most effective methoris of 
education is found in the prompt and efficient prosecution of persons 
who insist on maintaining mosquito breeding nuisances. 


SaLt MARSH 


From the time that Dr. John B. Smith completed his proof of salt 
marsh mosquito migration, it has been evident to all students of mos- 
quito elimination that in every area within reach of a breeding salt 
marsh, mosquito control depends on the prevention of breeding on 
that marsh. This principle holds good for counties A, B and C now 
just as it did before drainage. 

Drainage has not eliminated all the breeding but has cut it to a 
point where it can be controlled. In fact, there are certain parts of 
the salt marshes of Newark Bay and the Hackensack River where the 
ordinary ditching will not do the work of elimination even to this 
extent—where it is necessary to dike and tide-gate and in a few in- 
stances to pump. 

That the commissions realize the importance of the salt marsh is 
indicated by the percentage of the total expenditures devoted to salt 
marsh work. In County A, 32 per cent and 29 per cent were used in 
1913 and 1914; in County B, 14 per cent, 30 per cent: and 31 per cent 
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in 1912, 1913 and 1914; in County C, 27 per cent, 15 per cent and 19 
per cent in 1912, 1913 and 1914. As a. matter of fact, the writer 
believes that the future will be likely. to see a larger percentage go to 
the salt marsh instead of a smaller. The control of salt marsh breed- 
ing will continue to be a very important phase of mosquito work in 
counties A, B and C until the marshes are filled or brought under 
cultivation. , ! 


A Berrer Mersop oF DETERMINING THE EFFICIENCY OF THE WORK 


The writer believes that the greatest weakness of the mosquito con- 
trol work, as he has seen it, lies in the fact that the mosquito fighting 
organizations are inclined to depend upon citizen complaints and a 
little scattering collection of mosquitoes on the wing to determine 
whether the work is efficient. The work of the past summer in col- 
lecting mosquitoes on the wing, in which Counties B and C coéperated 
so fully, clearly showed that between the absence of mosquitoes and 
citizen complaints there exists a considerable fauna of mosquitoes and 
that so long as this fauna does not increase beyond a certain point the 
householder does not recognize its presence. These collections further 
showed that regular, systematic, and frequent collections in, all parts 
of the protected territory indicate the lack of local efficiency in time 
to prevent the mosquito fauna from reaching the danger point. It is | 
the writer’s belief that frequent, systematic, and regular night col- 
lections of mosquitoes on the wing should be made throughout. the 
heavy breeding season, and that every mosquito fighting organization 
should make arrangements to have the specimens, which are collected, 
worked up and the results interpreted within 24 hours of the time the 
specimens have been taken. 


Cost oF Mosquito ConTROL 


TABLE SHOWING DISTRIBUTION OF EXPENDITURES 


| County A | County B County C 
ERE S ERS Sade ee nner eater 1913 1914 1912 1913 1914 1912 1913 1914 
(5-6 mos.) (5-6 mos.) 

‘Cost of Mos. Controi 
Mona BGO, Sp ucodsogcooneuce 13% 14% 12% 12% 14% 9% 13% 17% 
iisnection 5 Ate Eats 18% | 20% 45% | 31% | 24% | | 24% 28% | 338% 
WG ANAGION. «5.62 pte ssc els osteo « + 81% | 32%; 19%:*.° |: ,21%: | -28%.-- 32% 31% 21% 
DOT O Sate ee eA eS eee eee 5% 4% 9% 5% 77% 6% 6% 6% 
Education, Rept. & iMiiacsltanesus ‘1% TG I SGA PIO 1% 2% 7% 4% 
Sal Varsities wae ieee cla 32% 29% 14% .-.|: 30% 31% 27% 15% 19% 
erCaplbiar eee icph ted Sota nn: 5.07¢| 5.42¢| 6.37¢ | 11.9¢| 11.37¢] 10.57¢ | 28.22¢,] 15.89¢ 


Per sq. mile of habitable area.....| $461 | $512 SORA eso S80. skstize ti $272 $195 
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In reckoning the total cost of mosquito control, the lump sum ex- 
pended should not be considered because the most tangible and imme- 
diate benefit derived does not admit of similar aggregation. Stating 
the matter in another way, it should be said that inasmuch as the most 
tangible and immediate benefit is personal, the cost should be reckoned 
on a per capita basis. From this standpoint mosquito control in 
County A cost 5.07 cents and 5.42 cents in 1913 and 1914; in County 
B, 6.87 cents, 11.9 cents and 11.37 cents in 1912, 1913 and 1914; 
while in County C it cost 10.57 cents, 28.22 cents, and 15.89 cents in 
1912, 19138 and 1914. 

For an explanation of these differences in per capita cost of the work, 
the conditions under which it was done must be examined. The work 
of 1912 began late and represents only 5-6 months. During the only 
years (1913 and 1914) when the three counties (A, B and C) were at 
work coincidently the percentage of the total expenditure, in Counties 
A and B, devoted to the salt marsh, was the same while County C spent 
about one-half as much as each of the others. The upland area of 
County A is only one-third that of County B and less than one-half 
that of County C. County A has a population of 13,275 to the square 
mile, County B, 4,515 and County C, 1,526. | 

On the basis of unit area (say per square mile) County A expended 
$461 in 1913 and $512 in 1914 as compared with $375 and $357 in 
County B, and $272 and $195 in County C. This higher unit-area 
cost is not due to poorer drainage conditions, for the upland in County 
A is better drained than that of either County B or County C. It 
seems rather to be chargeable to the larger number of breeding places 
which is incident to a denser population. 

On the basis of per capita cost per unit of upland area the results are 
quite different. The per capita cost per square mile was 3.4 cents in 
1913 and 3.8 cents in 1914 in County A, 8.3 cents and 7.8 cents in 
County B and 17.8 cents and 12.8 cents in County C. 

It is distinctly indicated by these facts that other things being 
approximately equal, the cost of controlling mosquito breeding on the 
upland increases per unit of area as the population grows denser, but 
that the per capita cost decreases as the density of population increases. 


REsuuts oF Mosquito CoNntTROL 


The results of mosquito control appear in increased comfort and 
health, and in increases in property values. No investigation of effect 
on property values has been made and there exist no reliable malarial 
records on which to base conclusions. 

Evidences of results must therefore appear in what the people who 
are protected say and do about it. The first evidence is the attitude 
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of the newspapers which has become universally favorable. The 
second evidence appears in the attitude of the legal representatives 
of Counties A, B and C, who seem unwilling to tolerate any inter- 
ference with the law under which the work is done. The third evi- 
dence is found in a post card census recently taken by the writer. A 
mailing list was made up from the telephone directory—so many A’s 
so many B’s, so many C’s and so on through the alphabet, were taken 
from the lists of the various cities and towns within the limits of 
Counties A, B and C. To each member of this mailing list a letter 
was sent in which the expenditure that had been made during each 
year of the work in his county was set forth and he was asked to state 
on a stamped addressed card whether he had received an amount of 
protection equivalent to his share of the expenditure, and whether he 
approved the continuance of the work. One hundred and ninety-one 
cards have been received, 117 of which hold that they have had value 
received, 52 are doubtful, and 12 are sure they have not. Of the 
191 cards received, 178 want the work continued and 18 desire it 
stopped. 


PRESIDENT H. T. FERNALD: The next paper on the program will 
be presented by R. A. Cooley. 


THE SPOTTED FEVER TICK (DERMACENTOR VENUSTUS 
BANKS) AND ITS CONTROL IN THE BITTER ROOT 
VALLEY, MONTANA—A REVIEW 


By R. A. Cooutry, Bozeman, Montana 


The purpose of this paper is to present in the briefest form, a sum- 
mary of our knowledge of the Rocky Mountain spotted fever tick 
(Dermacentor venustus Banks) in Montana and to outline the control 
work now in progress. 

This arachnid is the subject of much interest in the northwest for 
three reasons: (1) It is the carrier of Rocky Mountain spotted fever, 
(2) Recently it has been shown to be responsible for a new disease of 
man and certain domestic animals which has been given the name, 
‘tick paralysis,’ and, (3) Finally, it is well recognized as a trouble- 
some parasite of man and domestic animals. 


Rocky MounrtvaAIN SPOTTED FEVER 


By all odds the most important of the three is the relation to spotted 
fever. This disease has been scatteringly recorded over a wide ter- 
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ritory in the northwest, its distribution following, in.a general way, 
that of the tick as given below. Spotted fever has not been well known 
among physicians in the wide range of territory indicated by the scat- 
tering cases reported and it is probable that many cases have passed 
unrecognized. It is best known in Montana and Idaho; and in Mon- 
tana interest in the disease centers in the Bitter Root valley where 
most of the cases have occurred. 

In Idaho the number of. cases reported ranges around: 375. to 400 
per year with an average mortality of approximately 5 per cent; ' while 
in the Bitter Root valley, Montana, the. cases have ranged from 28 
downward with an average of about 12 during recent years, but with 
a mortality of around 85 per cent. The fact that spotted fever is so 
fatal in Montana accounts for this state’s being the center of interest 
in this disease. 7 


INFLUENCE ON PROPERTY VALUES AND. BUSINESS 


There can be no doubt that the presence of spotted fever has in- 
fluenced property values and the volume of business in the immediate 
region affected and also that exaggerated reports which have become 
current in the United States have injured the reputation of the state as 
a whole. Outside of the Bitter Root valley, and the region close around, 
spotted fever occurs in Montana, so far as is known, only in a restricted 
area in Carbon county, just north of Wyoming. In Idaho and Wyom- 
ing, and in Carbon county, Montana, spotted fever is not much 
feared on account of the low mortality and property values are not 
much affected. | 


EVIDENCE AGAINST THE TICK 


From the fact that ticks and tick bites were found on the bodies of 
fever patients, some residents in the Bitter Root valley had formed 
the opinion that ticks were the infective agents before scientists an- 
nounced this fact. 

The tick hypothesis first attracted gener al attention when Dee tore 
Wilson and Chowning published the results of their study made in 
1902. and 19038. The work of Doctor H. T. Ricketts, under the aus- 
pices of the Montana State Board of Health, established the fact of 
tick transmission, although somewhat earlier than his werk, Doctors 
McCalla and Brereton in Boise, Idaho, had actually infected a man and 
a woman with the mild form of spotted fever by allowing a tick to at- 
tach to them which had been removed from a fever patient. Doctor 
Ricketts’ work was experimental.and methodically carried out. He 
repeatedly infected guinea pigs and other animals by means of ticks 


1 Maxey, Medical Sentinel, Portland,:- December, 1908. 
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under laboratory conditions and he collected ticks in nature and dem- 
onstrated their infectivity by allowing them to bite guinea pigs in 
which he had previously learned to diagnose the disease with certainty. 

As bearing further evidence, it may be stated that the only pre- 
caution which the entomologists have taken in the work in the valley 
has been against being bitten by ticks and though living in even more 
apparent danger than the residents themselves, none has been infected. 


GEOGRAPHICAL DISTRIBUTION OF THE TICK 


The spotted fever tick occurs in the following states!; Washington, 
Oregon, Idaho, Montana, Wyoming, Nevada, Utah, Colorado, Cali- 
fornia and New Mexico. It also extends northward into British Colum- 
bia. | 

Only a small proportion of the ticks in the Bitter Root valley are 
infective and throughout the geographical range of the species, only 
here and there a locality occurs which contains any infective indi- 
viduals. 

Lirn-History 


An intimate understanding of the life-history of this tick comes only 
through a knowledge of the host relationships in the various stages, 
the habits and abundance of the host animals, and the relation of the 
development of the tick to the succession of seasons. 

These subjects will be briefly reviewed. 

Host RELATIONSHIPS.—The larve and nymphs use very much the 
same list of mammals as hosts, and availability is apparently a greater 
factor than choice in determining what species of mammals shall be 
used. Practically all the species of small mammals occurring in the val- 
ley have been found to serve as hosts, but the ground squirrel (C2tellus 
columbianus), the pine-squirrel (Sciurus hudsonicus richardsonz) and the 
chipmunk (Hutamias luteiventris), because of their numbers and activ- 
ity, undoubtedly feed the great bulk of all the larve and nymphs that 
secure food. The adults feed only, or with few exceptions, on large ani- 
mals. Under the conditions that prevail in the Bitter Root valley, as 
distinguished from the contiguous mountains, practically all of the 
adults that are fed use domestic animals, horses and cows princi- 
pally, as hosts. Back into the mountains, ticks become less abundant, 
disappearing almost entirely when the limit of the range of domestic 
animals is reached. } 

Still further back, beyond this limit, in the “goat country,’ as it 
is called, or the natural habitat of the Rocky Mountain Goat (Oream- 


) 


1 Bishopp. Distribution of the Rocky Mountain spotted fever tick. Circular 136, 
Bureau of Entomology, 1911. 
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nus mountanus) a region which is very wild and very inaccessible, this 
tick is exceedingly abundant. There appears to be an exception to the 
limitation of ticks to the range of domestic animals, in the mountains 
near Victor, where, as Doctor L. D. Fricks has pointed out, ticks con- 
tinue to be abundant beyond these limits. Outside of this exception, 
the number of adult ticks that engorge on wild animals either in the 
valley floor, the first reaches in the mountains, or deeper into the 
mountains below the goat ranges, is so small as to be of no particular 
significance from a control standpoint. Or, in other words, if those 
which develop on domestic animals were entirely eliminated, ticks 
would scarcely ever be seen by those who reside in the valley and in- 
fections would cease. 

The ticks are more abundant than elsewhere aloue the border coun- 
try, between the valley and the mountains. The presence of a known 
danger there makes this border country less desirable for tillage pur- 
poses and it is naturally given over to pasturage, and, as ground squir- 
rels are abundant there, the conditions are made perfect for a continua- 
tion of the difficulty. 

The host relationships may be summarized then by saying that 
the mature stages are fed on small mammals only and the adults, prac- 
tically speaking, are confined to domestic animals, so far as the habit- 
able valley is concerned, with the exception of a certain mountainous 
district back of Victor. 

These facts have an important bearing on eradication. Domestic 
animals can be controlled. By dipping and by other means they may 
be kept free of ticks and if the species is prevented from engorging and 
laying eggs, it must die out, and with the disappearance of the tick, 
the disease must go. 

However, certain facts connected with the seasonal history also 
have an important bearing on control and these are now discussed. 


SEASONAL HISTORY 


Previous workers had believed that the tick completes the life cycle 
in one year. When in 1911 detailed records were secured this was 
found to be quite impossible. It was found that the winter is passed 
both as adults and as nymphs, but that the hibernating individuals 
of these two stages belong to different generations. On these grounds, 
therefore, it was necessary to conclude that the life-cycle is at least 
two years long. 

In connection with longevity studies, it has been shown that adults 
which fail to secure a host during the first season following nymphal 
feeding, do not die but go down to the ground during July and 
come up again the next year, in the spring, and continue to wait for a 
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host. Thus, it is apparent that a part of each brood may prolong life 
in this manner, thus making the cycle three years instead of two. 

Studies now under way indicate the possibility of astill further length- 
ening of the life-cycle. 

With these facts in view it is apparent that with very thorough work 
done in a given district, resulting in preventing any females from 
engorging and laying eggs for two consecutive years, there still may 
be adults present in the third season, or if only incomplete work has 
been done for three or four years even, there still will be adults present in 
later years. 

7 CONTROL 


The foregoing facts regarding the host relationships have indicated 
a practical plan of controlling the tick in the valley. It is evident 
since engorgement is necessary before egg-laying, that if no adults are 
allowed to engorge the species cannot continue. This point is believed 
to be of much importance and has led to the adoption of dipping of 
domestic animals as a main dependence in the program. There are 
two limitations to this method which we recognize, but these we think 
are not serious. One is the fact that some adults may engorge on wild 
animals, such as the coyote, bear and deer. These animals are not 
abundant in the valley and we believe that the small number of en- 
garged adults which they drop may be neglected. The practicability 
of getting all owners of stock to dip under the conditions found in the 
valley is more serious. If spotted fever affected the animals instead of 
man, it would apparently be less difficult to secure the owners’ coépera- 
tion. A slight danger of injury to the animals is greatly magnified 
and the residents wish to see some other method of tick destruction 
developed. The arsenical dip in use has been found to be effective and 
we believe that as the farmers gain confidence dipping will be more 
generally adopted. However, notwithstanding this limitation many 
animals are already being dipped and thereby freed of ticks. 

Rodent destruction naturally suggests itself as a method of control. 
Ground squirrels are very abundant and the property owners are quite 
willing that they should be killed off. Some work in this direction has 
been done and there can be no doubt that it is of value in the destruc- 
tion of ticks as we have found that this rodent, far more than any other, 
is responsible for the feeding of larve and nymph ticks. The cost of this 
work under the conditions that prevail in the region affected is such as 
to raise a serious obstacle. This might, however, be overcome if the 
killing of this squirrel alone would be a sufficient means of getting rid 
of the tick. It is apparent that since the early stages of the tick feed 
also on other rodents, other means of tick killing will eventually be 
needed. It is not yet clear that with ground squirrels eliminated there 
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may not yet be enough young fed on other rodents to keep up a seri- 
ous infestation if domestic animals are allowed in the same territory 
and left undipped. 

It seems probable that squirrel destruction is desirable only in com- 
bination with dipping and that in this combination it will be useful 
and lead to an earlier solution of the difficulty. 

Recently Doctor L. D. Fricks of the United States Public Health 
Service has advanced the idea that the grazing of sheep over tick 
country may be useful as a supplementary method in the destruction 
of ticks. He has found that many adults are killed in the wool of the 
sheep. Experimental work and practical tests are being conducted. 
The Bureau of Entomology has also made some studies on sheep as 
automatic destroyers and has found that some females engorge on the 
sheep and produce eggs which hatch. 

The work on sheep as tick destroyers is in an experimental stage. 
It is not yet clear whether the number that will succeed in feeding to 
maturity on sheep will be a serious drawback to this method. 


ORGANIZATION 


The work on tick control in Montana is being conducted under a plan 
of codperation embracing the Montana State Board of Entomology, 
the United States Bureau of Entomology and the United States Public 
Health Service. The State Board of Entomology was created by the 
Montana Legislature in February 1913. The membership of this Board 
is ex officio and made up of the secretary of the State Board of Health, 
the State Veterinary Surgeon and the State Entomologist. The secre- 
tary of the Board of Health is chairman and the Entomologist, secre- 
tary. This Board is given authority among other things, to prescribe 
and enforce rules and regulations for the eradication of the spotted 
fever tick. The two federal services named are engaged in the work 
in different portions of the Bitter Root valley, under such legal machin- 
ery from the State Board of Entomology as has been found necessary 
from time to time. 

~The technical information concerning the tick on which the control 
work is mainly based, has been secured through the joint efforts of 
the Montana Experiment Station and the Bureau of Entomology. 
The work has been planned and directed by Mr. W. D. Hunter and the 
writer, while various men in the Bureau have contributed valuable 
assistance. The field work in the Bitter Root valley was done mainly 
by Mr. W. V. King, and the breeding and other laboratory work was 
done in the Bureau’s laboratory in Dallas by Messrs. C. F. Bishopp and 
ELL Pea Wood: 

The Bureau of Biological Survey, through Dr. A. K. Fisher, gave 
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us invaluable assistance by securing needed information concerning the 
mammalian fauna of the valley and nearby mountains and especially 
by certain experimental work on the destruction of squirrels. The 
field work for this Bureau was done by Mr. A. H. Howell and Mr. C. 
Birdseye. 

An unusual character of personal service has been willingly given 
by those who have been engaged on this problem in the field work. 
This applies alike to the pathologists, the entomologists and mammal- 
ogists who have not hesitated to go into the presence of known danger. 
Especial mention should be made of Messrs. King, Fricks, Birdseye 
and Wood who have made prolonged stays in the field and finally of 
Dr. H. T. Ricketts who through several years was almost constantly 
exposed to dangers known and unknown and finally lost his life by 
typhus fever while engaged in what was really a part of the spotted 
fever investigation and of Dr. T. B. McClintock who contracted 
spotted fever and gave his life, while engaged in the field, a sacrifice 
to his devotion to this cause. 

This devotion has not been in vain. There can be no doubt that a 
considerable number of lives have already been saved. In spite of the 
fact that the population of the Bitter Root valley is increasing and of 
the further fact that the disease is slowly spreading, fewer cases have 
occurred in recent years since the work was begun than before. During 
the season just closed only one case occurred in the heart of the district 
where in former years a high proportion of all the cases have been con- 
tracted. The cases recorded this year were with the exception of this 
one, from territory where the work was not begun. This is due not to 
any material reduction of ticks as yet, but to the adoption by many 
of the residents of the valley of the means of self defense employed by 
the scientists who are in the work. 

Bringing the spotted fever tick under complete control will require 
some years. The territory involved is extensive and the methods 
which will be effective in one district will not be as effective in another. 
Educational work among the people must be pushed in advance of 
actual control and the life history of the tick is such that thoroughly 
effective measures must be pursued through a term of years in order 
to secure the desired end. 


PRESIDENT H. T. FERNALD: Is there any discussion on this paper? 

VicE-PRESIDENT Herrick: I would like to ask Professor Cooley 
if the tick was responsible for the paralysis in those sheep shown on 
the screen? 

Mr. R. A. Cooney: Yes. I would call attention to a recent work 
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by Doctor Seymour Hadwin, published in the Journal of Parasitology, 
and also to the expression of a definite opinion by Doctor George H. F. 
Nuttall of England to the effect that we should no longer hesitate to 
say that this is a definite disease. The ticks attached and induced 
the paralysis. They often attach on the base of the skull or along the 
spine. ‘The paralysis progresses from the lower part upward and the 
removal of the tick results in a sudden recovery of the child. 

PrResIDENT H. T. Fernaup: Mr. F. C. Bishopp has submitted a 
title and asked for fifteen minutes. He desires to present two short 
papers in this time. If there is no objection, both will be presented 
within the fifteen minute time limit. 

[The speaker summarized two papers. One is given below. The 
other will appear with papers read by title. Eb.|] 


NOTES ON CERTAIN POINTS OF ECONOMIC IMPORTANCE 
IN THE BIOLOGY OF THE HOUSE FLY! 


By F. C. Bisnopp, W. E. Dover, and D. C. Parman, Pureau of Entomology 


The first impression one gains by running over the voluminous litera- 
ture relating to the house fly or typhoid fly (Musca domestica Linn.) is 
that our knowledge of that insect and its control leaves little to be 
desired. To be sure, the admirable investigations of Doctor Howard, 
Doctor Hewitt, and many other entomologists here and abroad have 
given us complete and reliable information on the vast majority of 
points in the life history and habits of this pest and have pointed out 
means of their practical application. However some points have not 
been determined while others which have been investigated should 
receive further attention. The importance of accumulating informa- 
tion regarding the biologies and habits of insects of wide distribution 
in a number of regions representing different climatological or eco- 
nomic conditions, is coming more to be recognized. 

At the suggestion of Dr. L. O. Howard and Mr. W. D. Hunter experi- 
ments were undertaken to determine, under Texas conditions, two of 
the more important biological questions requiring further study. 
These were the duration of the period from emergence of the adult fly 
to the deposition of the first eggs (spoken of herein as the preoviposi- 
tion period) and how the insect passes the winter. It was thought 
best in carrying out these experiments to broaden the inquiry so as to 
obtain accurate information on other important points. These in- 
cluded: The determination of the duration of the different develop- 
mental stages of the insect, the longevity of adults, the number of 


1 Published by permission of the Chief of the Bureau of Entomology. 
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depositions and interval between each, and notes on the effect of tem- 
perature and humidity on the several stages. Some part of these are 
discussed herein. The character of most of the biological points to 
be determined necessitated the use of cages. It is well known that 
conditions in cages are always more or less abnormal. This is true 
in the tests herein reported, but we feel that by the methods employed 
natural conditions were closely simulated in most cases, thus reducing 
this source of error to a minimum. The tables given herein include 
representatives chosen from numerous experiments carried out. 

The experimental work was carried out at Dallas and Uvalde, Texas, 
with supplementary field observations at Victoria, Texas, by Mr. J. D. 
Mitchell. The detailed work at Dallas was carried out by W. E. Dove, 
assisted by F. C. Bishopp, who planned and supervised all of the work, 
and the experiments at Uvalde were carried out by D. C. Parman. 

Further experiments bearing on hibernation and certain other points 
are now under way at Dallas and Uvalde. 


COPULATION 


In a number of our preoviposition tests frequent observations were 
made for copulation. Although continuous watch was not kept on 
the flies it is thought that in some cases at least the first copulation 
which took place was observed. The date when copulation was 
observed in a number of experiments is given under “ Remarks” in 
Table No. 1. The shortest period from emergence to copulation ob- 
served was one day. In a number of instances two full days elapsed, 
and in other cases copulation was first observed as late as the six- 
teenth day after emergence. Of course mating may have taken place 
unobserved before this. The time from -the first observance of copu- 
lation to the first deposition varies greatly. Frequently there appears 
to be no direct relationship between the date of copulation and begin- 
ning of deposition. We have observed a range of two to thirteen days 
between the first copulation observed and deposition. 

It appears from our experiments that the time of development or 
manifestation of the desire to mate is influenced to some extent at 
least by the food of the adults. Thus in a test with two lots of flies, 
one supplied with milk and horse manure and the other with partially 
ripened peaches and horse manure, the former were first observed to 
copulate four days after emergence and the latter sixteen days. In 
no case was copulation observed among unfed adults. 

The process of copulation is always of considerable duration—last- 
ing from two or three to as long as fifteen minutes. During the act 
the flies usually remain quiet, but if disturbed may fly about consid- 
erably without becoming separated. Often prior to copulation and 
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after copulation has taken place the sexes fly together or the males 
temporarily alight on the females. - This appears to be in the nature 
of courting. When not ready to accept the attentions of the male the 
female protects herself largely with her posterior legs which are kept 
near the tip of her abdomen. 


THE PREOVIPOSITION PERIOD 


In 1907, Dr. C. Gordon Hewitt, working in England, found that a 
period of fourteen days elapsed between the emergence of adults from 
puparia and the first egg deposition by them.! In experiments at 
Hove, England, Dr. A. Griffith determined the preoviposition period 
to be ten days.” Professor A. Berlese has also published results of 
observations made by him on the reduction of numbers of the house 
fly inS. Vincenzo, Italy, due to the poisoning of adult flies incidental to 
the spraying of olive trees for the control of the olive fly. Professor 
Berlese also secured satisfactory results in controlling the insect by 
spraying vegetation, manure and garbage with poisoned sweets. 

In order to determine the preoviposition period a series of experi- 
ments were conducted at Dallas and Uvalde. In these tests cages of 
various sizes from one foot cubes to cages ten feet square by six feet 
high, were utilized; the latter appeared to furnish almost ideal condi- 
tions. These were placed in partial or complete shade or in open 
sunshine. Freshly emerged flies were used in numbers varying from 
a pair to several hundred. Different kinds of food were supplied and 
the breeding media were also varied. A few of the experiments are 
summarized in table 1. 

It will be seen in Table No. 1 that the shortest preoviposition period 
observed at Dallas was four days and the longest twenty days. The 
mean temperatures during these periods were 87.5° F. and 68.1° F., 
respectively. The usual preoviposition period during the summer at 
Dallas appears to range from four to about nine days. While in 
autumn it is probably never shorter than ten days. Although it is 
certain that temperature has much to do with the development of the 
ova in flies, it is also evident that the food supply, both abundance and 
quality, is an important factor. This is well illustrated in the lot of 
flies which emerge between August 19, 5.380 p. m. and August 20, 9.30 
a.m. and were given nothing but cut peaches for food and breeding 
medium as compared with flies which emerged between August 20, 


11910. Hewitt, C. Gordon. The house fly; a study of its structure, develop- 
ment, bionomics, and economy, p. 64. 

21908. Griffith, A. The life history of house flies. Public Health, Vol. XXI, 
pp. 122-127. 

$1913. Berlese, A. la distruzione della Mosca domestica. Redia, Vol. VIII, 
Pt. 2, pp. 462-472, 4 figs. 
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5.30 p. m. and August 21, 10.30 a. m. and were supplied with milk, 
peaches, and horse manure. The temperature and humidity in these 
two cases were practically identical, yet the flies on peaches required 
sixteen days for egg production while those given the variety of foods 
deposited in five days. 

The humidity also appears to have a bearing on the duration of this 

period. In general when the temperatures are high or moderately 
high, increased humidity seems to hasten egg laying. This is probably 
partially due to the effect of humidity on the food and breeding sub- 
stances—keeping them moist and thus attractive. Our observations 
lead us to think that sunshine, aside from higher temperature, has a 
stimulating effect on reproduction and other activities in flies. 
_ The preoviposition periods recorded in the table are the shortest 
observed in each lot of flies; in many cases only a few masses of eggs 
were deposited in a test. In several tests, with large numbers of flies 
under favorable conditions, a number of females began depositing 
about the same time, or not more than twenty-four hours later than 
the first. 

In most of our tests with single pairs the preoviposition periods were 
longer than when a number of flies were kept together. 

At Uvalde several preoviposition experiments were conducted but 
in nearly all the flies failed to deposit. In one test made in June the 
period was about six days. 

Milk appears to be a good food for ova development. This sub- 
stance with manure was found to be adequate for producing oviposi- 
tion. Over-ripe fruit with manure was also found to be satisfactory. 
The effect of the condition of food on egg production may be illustrated 
by referring to Table No. 1. In one instance where milk and horse 
manure were supplied deposition took place in six days. In a parallel 
test where partially ripened peaches were substituted for the milk, the 
first deposition occurred on the twentieth day after emergence. 
Manure either of horses or cattle, appears to be inadequate as a food 
for egg production in the house fly. 

Based upon our experiments it appears that, in Texas, it is necessary 
to capture or destroy the female flies within four days after emergence 
In summer and within ten days in fall and early spring in order to 
prevent reproduction. ‘The shortness of the preoviposition period as 
determined by us emphasizes the importance of laying special stress 
on the prevention of breeding by caring for breeding media, as urged 
by Doctor Howard, rather than the destruction of adults, as the more 
important control measure. This seems especially true in the tropics 
and subtropics where the preoviposition period is short, successive 
depositions frequent and longevity of the adult reduced. 
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DEPOSITION 


The determination of the egg-laying period of a fly or group of flies 
is important in that it shows the value of destroying the adult at differ- 
ent times in its career as relates to reproduction. In most of our tests 
the total time from the beginning of laying to the deposition of the last 
eges was comparatively short, the adults often living several days after 
the last eggs were deposited. 

Dr. A. Griffith, reporting on experiments conducted by him in Eng- 
land, says: ‘After ten days the mother-fly can lay a new batch of 
eggs, which process it repeats at intervals of ten to fourteen days, till 
four batches have been layed, when it dies.’’! Our observations indi- 
cate that in Texas fewer batches of eggs, the usual number being two, 
are deposited and that depositions take place at shorter intervals— 
about eight days. 

Oviposition was observed to occur on warm days in mid-winter at. 
Dallas (January 14) and Uvalde (February 5). Depositions may be 
expected at these latitudes on mild bright days in winter, especially 
if these are preceded by a few days of mild weather. 

During cool weather adults seem to choose places for deposition 
where the sun is bright and the wind is cut off. They also prefer 
portions of the pile where heat is emanating from beneath, provided 
the media is suitable. In summer this is less noticeable though in 
mornings and evenings sunny places seem preferred. 

We have observed a marked tendency to clustering of eggs in one 
place on manure piles. In many instances from three to over a dozen 
flies have been observed depositing in one spot in a manure pile and 
scarcely a depositing fly or an egg could be found elsewhere, although 
equally favorable places seemed to exist. This habit of association of 
individuals seems to continue to some-extent in the larval stage, al- 
though this is probably more dependent on suitable feeding places, 
and the fact that the larve hatch largely in one mass. Great masses 
of larve have also been observed to pupate in one place. This is 
probably due, in part at least, to many of the larve following the line 
of least. resistance in migrating and the finding. of a place which fur- 
nishes proper protection and moisture and is not too compact. 


DEVELOPMENTAL PERIODS 


Incidental to other observations the developmental periods were 
determined in a large series of tests at different times of year. The 
total period from the deposition of the eggs to the emergence of adults 
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in our breeding experiments ranged from eight days to fifty-one days. 
A much longer period was observed in hibernation experiments at 
Dallas and Uvalde, Texas. In one of these tests at Dallas a com- 
bined larval and pupal period of six months was observed and in the in- 
stance at Uvalde larve and pupz put in a box with the manure in 
which they were breeding on December 13, 1913, produced some adult 
flies as late as April 4, 1914, a period of one hundred and twelve days. 
The amount of manure was not sufficiently large to generate heat, but 
protected the stages from extreme cold. No doubt during the coldest 
weather development was completely arrested. 

The data appertaining to a number of the tests to determine the 
developmental periods are given in Table No. 2. In most of these 
tests a comparatively small amount of breeding material was used in 
order to observe the stages more closely. Hence these periods, espe- 
cially the larval, are in general rather longer than would occur under 
favorable natural conditions. 

Eae Srace.—The exact incubation period was determined in only 
a few instances. In practically all cases it was found to be less than 
twenty-four hours evenin winter. When eggs are deposited on manure 
piles of considerable size the temperature experienced by them is much 
above the air temperature during cool weather, and this accounts for 
the short periods observed in winter. When eggs are separated from 
the mass of manure the period is greatly lengthened during cool 
weather. ‘This is well illustrated in two of the lots upon which data 
are given in Table No. 2. In one case, eggs deposited on January 14, 
1914, hatching of those left on a manure heap took place in less than 
seventeen hours, while part of the same lot kept in the laboratory on a 
small lot of manure did not begin hatching until forty-one hours after 
deposition, and was not complete till eight hours later. 

LARVAL StaGE.—The larval stage was found to vary in length from 
three and one-half days to about three weeks. In a hibernation test 
where the manure was not in a fermenting condition the larval stage 
was observed to persist for nearly four months. In one case a period 
of.a little less than three days was observed. The usual time required 
from hatching to the formation of the first pups during warm weather 
was from four to seven days. The temperature materially affects the 
larval period but the character and particularly the amount of the 
breeding medium was found to be of still greater importance as factors, 
under natural conditions. By character we refer to the kind of mate- 
rial, the amount of moisture it contains, and the degree of fermenta- 
tion. In large piles of manure it was observed that to a marked extent 
the larve govern their temperature conditions by penetrating farther 
into the manure during cold weather and remaining nearer the surface 
when the weather was warm. 
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PupaL StaGE.—The pupal stage was found to range from three to 
at least twenty-six days in our experiments to determine this point 
with exactness. The temperature is an important governing factor. 
It is probable that its influence on the length of the pupal period is 
even more marked than on the length of the larval stage as the pupz 
are usually more removed from the heat of the manure and they have 
no way of accommodating themselves to changes in temperature, as 
do the larve. In one of our hibernation experiments at Uvalde, 
Texas, in 1914, it appeared that a good many individuals remained in 
the pupal stage from January 27 to April 4, or over two months. 


BREEDING MATERIAL 


As has been observed by many entomologists, horse manure is a 
very favorable breeding medium for the house fly. In Texas we have 
found them to breed freely in the manure of the chicken, hog, goat, 
and to a large extent in pure cow manure, provided other more attrac- 
tive media are not present. The latter substance is not as attractive 
as some other materials. Decaying vegetable matter and kitchen 
refuse also form important sources for fly breeding; this is especially 
true around cities where rather large accumulations of each substance 
are found. At the dumping grounds around Dallas large quantities of 
decaying potatoes were found which seemed to be ideal for house fly 
breeding, producing countless numbers of them. Decaying melons 
and mixtures of kitchen refuse were also found to breed considerable 
numbers. The paunch contents of animals were found to furnish 
favorable breeding places for house flies after the bodies of the animals 
had been consumed by scavengers. In the grain belt of Texas, Okla- 
homa, and the states to the north, the bases of stacks of oat or wheat 
straw which had become well rotted were found in some instances to 
breed many house flies. The straw during the first year after thrash- 
ing, although in a high state of fermentation, is not favorable for house 
fly breeding although myriads of stable flies may breed in it. Well- 
decayed straw stacks or the remains of stacks after being burned 
should be considered in fighting the house fly in rural communities. 
Ensilage scattered about silos or in troughs has been found very favor- 
able for house fly breeding, and fermenting cottonseed hulls mixed 
with bran, etc., in the bottom of feed boxes or troughs have been found 
to produce flies beyond all expectations. 


LONGEVITY 


When considering the destruction of house flies in the adult stage 
the question of their longevity is one of importance. A number of 
experiments upon this point have been conducted in Europe, but little 
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is known regarding longevity in the United States, particularly in the 
Southern States. In England, Doctor Hewitt found it possible to 
keep house flies alive for seven weeks in the summer time. Doctor 
Griffith, in his experiments, also in England, had a fly live for sixteen 
weeks. 

We have conducted a large number of experiments in Dallas under 
varying conditions of climate, food, and cages. Representative experi- 
ments are cited in Table No. 3. It will be observed that the longevity 
is greatly reduced where food is not given; the usual longevity being 
from two to three days when no food or water was supplied, while 
with food supplied it ranged from avery few days up to fifty-three days. 
This maximum record was made during late fall and early winter. 
Food and breeding material were supplied and eggs were deposited by 
flies in this test. In a few tests horse manure alone was supplied. 
This prolonged life shghtly but did not seem to form a maintenance 
ration, and no eggs were deposited by flies under such conditions. 
During summer the usual longevity of flies, in cages at Dallas, supplied 
with an abundance of food and breeding material, was from two to 
four weeks. Cool weather invariably prolongs the life of the adults, 
correspondingly delaying reproduction, as has been stated. 


HIBERNATION 


It has been assumed generally until recently that the house fly 
passes the winter in the adult stage only. No definite experiments 
have been reported to substantiate this belief, although a considerable 
amount of circumstantial evidence °has been presented by various 
~ authors; such as the observations by Doctor Hewitt, that flies dissected 
in fall had much fat stored up in their bodies and in spring this fat 
was not in evidence.! The finding of adults in dormant, semi-dormant 
and active states in various situations in mid-winter, and the greater 
longevity exhibited by adults emerging late in fall, has also lent weight 
to this conclusion. It is our opinion that these conditions do not 
necessarily indicate that this species passes the winter in the adult 
stage. 

Our experiments, as will be shown later, prove that the house fly 
can pass the winter in the immature stages in the vicinity of Dallas 
and Uvalde. Moreover, in our tests we failed to get adults to live 
through the winter. All our observations indicate that flies which 
are not kept cold enough to become inactive will either deposit, if the 
temperature is sufficiently high, or die comparatively soon. It is 
conceivable that some adult flies may happen to find shelter, which 
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will prevent destruction by cold, and yet with temperatures low enough 
to prevent activity, and in this way pass the winter. We are inclined 
to the opinion that the chances of such conditions being found are small 
and that, although some adults may in this way hibernate, the species 
is dependent largely on those individuals which pass the winter in the 
immature stages, or those which continue to breed during the winter. 
Under Texas conditions we are convinced that this opinion is correct. 

To determine the ability of the adults to pass the winter at Dallas, 
Texas, a cage of screen about ten feet square by six feet high was fitted 
up with stacks of boards, burlap, paper, ete., for hibernating quarters. 
Over six hundred adults, about sixty per cent of which were males, 
were introduced into the cage between November 9 and November 
19,1913. These were mainly newly-emerged adults bred from manure. 
Food, consisting of bananas, milk, and water, was supplied. Unfor- 
tunately the fungus, Empuse musce,was unusually abundant during 
this autumn and the flies in this cage died in great numbers. Probably 
the majority of them died of this disease. No flies were seen in the 
cage after November 28, although frequent observations were made 
during the winter, and in spring a thorough search failed to reveal any 
living flies in the shelter provided. 

At Uvalde, Texas, a similar experiment was conducted, four hundred 
adult flies being introduced into a large screened cage between Decem- 
ber 18,1918, and January 3, 1914. The flies were supplied with plenty 
of protection and food. They were observed to seek protection in the 
rubbish to some extent when the weather became cool. On warm days 
they resumed activity, feeding, and copulating in some cases. 

On January 20, sixty-four adults were found benumbed by cold. 
weather outside of the hibernation material. None of these revived. 
On January 27, a number were seen to be active in the cage during the 
warm part of the day. The last adults (two) observed in the cage 
were seen on January 28. No further activity was noted during the 
winter and early spring, and no living flies were found on final exam- 
ination of the hibernation material. 

To test the possibility of adults hibernating in buildings where arti- 
ficial heat is supplied, several hundred flies, bred out in a cage in a 
small room in the laboratory at Dallas (a great number were also free 
in the room), were supplied with food, and fire maintained when the 
weather was cold. The adults began emerging December 30, 19138, 
from manure infested with larve put in the cage December 12. Emer- 
gence was allowed to continue for some weeks. The temperature fell 
to 36° F. on one occasion and once got up to 110° F. for a short time, 
but usually ran between 50° F. and 75° F. On January 21 larve were 
found which had developed from eggs probably deposited about Jan- 
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uary 16. On February 21, the last fly in the cage died, thus showing 
that the greatest possible longevity in this test was fifty-three days. 

Turning our attention to our observations and experiments with the 
wintering of the fly in the immature stages, we find two instances in 
which we succeeded in carrying the species through in the larval and 
pupal stages. In one of these tests conducted at Dallas, a large screen 
cage situated in the country one-half mile from breeding places of the 
house fly was used. On November 26, 1913, about three barrels of 
mixed horse manure, cow manure, and straw infested with considerable 
numbers of larvz of all sizes and puparia were put into the cage. Some 
adults began emerging in the cage soon after the manure was intro- 
duced. High water covered the manure pile in the cage early in 
December, but emergence continued after the water subsided until the 
end of December. No adults were seen to emerge after December 27 
until April 16, 1914, when four or five specimens came out, although 
larve were found in the manure in considerable numbers up to March 
21. During the latter part of April and early May the manure was 
again submerged on account of heavy rains, and during this period 
observations were not made. It seems certain that some larve were 
killed by these inundations. However, on May 26, six vigorous adults 
were found in the cage. Observations on emergence were not made 
~ for some time after this. 

We thus have shown that the house fly lived in the larval and pupal 
stages from November 26, 1913, to May 26, 1914, a period of six 
months. 

It is probable that having this cage placed in partial shade and the 
inundations to which it was subject retarded the development of the 
stages, thus accounting for the appearance of adults such a long time 
after warm weather began. Attention is invited also to the fact that 
larve remained alive, apparently developing slowly during warm 
periods, from November 26, 1913, until March 21, 1914, the last time 
the manure was examined. ‘This period covers all of the cold weather 
usually experienced at Dallas. Had the larve, observed on March 
21, pupated immediately thereafter and the pupe produced adults in 
the usual time, the resulting adults would have found prevailing tem- 
peratures sufficiently high to begin reproduction. Hence, we may say 
that this demonstrates that the larve of the house fly may success- 
fully pass the winter at this latitude. If the manure pile had been 
larger, so as to generate heat, probably the larve would have pupated 
earlier and part of the late winter would thus have been passed in the 
pupal stage. 

At Dallas, the following monthly mean temperatures were experi- 
enced during the winter and spring of 1913-14: November, 62.9° F.; 
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December, 45.0° F.; January, 52.2° F.; February, 43.0° F.; March, 
54.5° F.; April, 62.9° F.; May, 71.0° F. The lowest temperatures 
during the winter were as follows: November, 36° F.; December, 
23° F.; January, 25° F.- February, 10? FF.) Manchy26mahe 

A similar experiment was conducted at Uvalde, but with a smaller 
amount of manure. The manure, consisting of horse dung mixed with 
straw and infested with larve and pups, was put in the cage on several 
different dates, as follows: December 6, December 8, December 9, and 
December 13, 1913. <A total of about two-thirds of a barrel of manure 
was used. Examinations of the breeding medium made January 14, 
1914, and on two subsequent dates, failed to reveal the presence of 
any larve; thus indicating that all had pupated. It is possible, of 
course, that some larve may have been overlooked. Adults con- 
tinued to emerge throughout the winter except during cold periods. 
The longest period without emergence was between February 8 and 
February 16. During this period the daily mean temperature ranged 
from 39° F. to 61° F. After March 1, from one to nine flies emerged 
daily up to March 18, when for six days no adults appeared. This, 
with the exception of March 18 (when the daily mean was 64.5° F.), 
was a cool period, the daily mean ranging from 42° F. to 59° F. On 
April 1, 2 and 4, respectively, a single adult emerged and no others 
appeared after the last mentioned date. During the winter of 1913- 
14 at Uvalde the monthly mean temperatures were as follows: Novem- 
ber, 66.4° F.; December, 54.4° F.; January, 55° F.; February, 54.7° F.; 
March, 60.1° F. The lowest temperatures during these months were: 
November, 41° F.; December, 27° F.; January, 23° F.; February, 22° F.; 
March, 27° Ha 

Supplementary tests with immature stages were made at Dallas by 
placing a large number of larve and pup in boxes of manure under 
screened cages out of doors. Two thousand larve of all sizes, and 
over one thousand pup were used in these experiments. ‘They were 
picked out of manure, counted and put into small boxes of manure on 
December 26 and December 30, 1918. Most of the pupz in these 
tests produced adults during January and February. On February 28, 
the last time the manure was disturbed, some larve had pupated, but 
a greater number of larve was present. No adults emerged in this 
cage, and when the final examination was made, on June 6, 1914, no 
larve or puparia were found. Possibly ants destroyed them or the 
pupe may have rotted and some of the larve may have migrated, 


1 The above temperatures at Uvalde were taken from the Weather Bureau records. 
Following are the lowest temperatures recorded at the site where experiments were 
conducted: November, 32° F; December, 27° F;. January, 24° F.; Feburary, 22° F.; 
March, 28°F. 
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escaping beneath the cage. The conditions in these tests were not 
favorable in our opinion for successful wintering, as the amount of 
manure was small and often it became either too dry or mouldy. 

Examinations of chicken manure in poultry houses in mid-winter 
showed the presence of considerable numbers of house fly larve. The 
conditions in such situations seem especially favorable for the imma- 
ture stages to pass the winter as the manure generates very little heat, 
yet being within the chicken house the insects are not subjected to 
excessive cold. Livery barns furnish somewhat similar conditions, 
and often great numbers of larve are to be found in the cracks of the 
floors and in corners of stalls. In the South the barns are not heated 
and the conditions would thus supply uniformly low though moderate 
temperatures during winter. In the North, where barns are kept 
heated, there is reason to believe that development and breeding con- 
tinues during winter in such situations. 

Attention has been called in a previous paragraph to the fact that 
flies emerged during winter at Dallas and Uvalde, and that warm 
periods occur even in mid-winter which permit of egg deposition by 
flies in the open. 

Our observations on the wintering of the house fly indicate that, in 
the South at least, winter campaigns against the immature stages are 
of much importance in control. Destruction of the fly at this time 
may be easily accomplished by thoroughly cleaning out stables, 
chicken houses, and animal pens and scattering the manure thinly 
over fields. Large accumulations of garbage or other breeding media 
should also receive attention. 


PRESIDENT H. T. FERNALD: These papers are now open for dis- 
cussion. 

Mr. T. J. HeaApLEE: I would like to inquire if a test has been made 
to determine the rate of propagation of the screw worm fly and exper- 
iments conducted for destroying this fly. 

Mr. F. C. BisHuopr: We are still working on the biological aspects 
but have done considerable work in destroying carcasses. We have 
learned that upwards of one million adult screw worm flies can be 
produced from one. Our main work of destruction is either by burn- 
ing or burying. Where we hold the fly down to a minimum, we get 
very few infestations of living animals. It is a matter of keeping the 
fly reduced to small numbers. 

Presipent H. T. FERNALD: We will now listen to a paper by W. 
E. Britton: 


“I 
bo 


JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


THE ACADEMIC TRAINING OF THE ENTOMOLOGISTS IN 
COLLEGES AND EXPERIMENT STATIONS OF 
THE UNITED STATES 


By W. E. Britton, New Haven, Conn. 


In planning this paper, the present writer intended merely. to supple- 
ment the statistics presented before this association by Dr. L. O. 
Howard at the Atlanta meeting a year ago and published in the Jour- 
NAL OF Economic Entomouoey, Vol. VII, page 274, June, 1914. It 
was not intended to discuss the best methods of training, or what 
should be studied in preparation for entomological work; but simply 
to ascertain what proportion of these men are college-trained, and what 
colleges sent them out into the world. At first the scope of the paper 
included only the entomological workers in the agricultural experi- 
ment stations and teachers of entomology in the agricultural colleges. 
But, there are certain state entomologists, and state horticultural in- 
spectors, as well as teachers in colleges and universities which are not 
state institutions, all doing creditable work in entomology, and it 
seemed best to include them. 

As the data concerning some of these men were not at hand, a cir- 
cular letter was sent out October 19, in most cases addressed to the 
head of the entomological department of each institution, requesting 
that information be given regarding the academic training of each 
entomological worker in the department. Of more than sixty such 
letters sent out, replies were received from about fifty. From American 
Men of Science the writer has been able to obtain data regarding the 
more prominent entomologists who did not reply, but as a rule could 
not find there any information about their assistants. 

The figures given here are therefore incomplete because the neces- 
sary data about a considérable number of men could not be obtained, 
and these men are therefore not included. | 

From the start I have avoided names which surely must have been 
included in Dr. Howard’s figures and which would be duplicated 
if admitted here. Yet I cannot get away wholly from this duplica- 
tion. It must be remembered that Dr. Riley performed consid- 
erable state work before he became Government Entomologist; that 
his nine Missouri Reports are, and always will be, classics in economic 
entomology, because his work wasso well done and because it was pioneer 
work; yet Dr. Riley was for so long a time entomologist of the United 
States Department of Agriculture that we shall always think of him 
in that connection rather than as state entomologist of Missouri. 
Likewise Hopkins, Webster, and Quaintance were all engaged in state 
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work, before joining the Bureau of Entomology, yet they now seem 
so much a part of the Bureau that we can hardly consider them as 
belonging elsewhere. None of these men were included in the figures 
given in this paper. On the other hand such men as John B. Smith, 
and J. H. Comstock, who were once connected with the Department 
of Agriculture, and J. M. Aldrich, who has recently Joined the Bureau 
force, have spent so many years of service in the states in comparison 
with the short period in Government service that they seem to belong to 
the former instead of the latter and have been so considered. 

All present official entomologists and their trained assistants in 
the various states are also included. Thus such names as those of 
Dr. Hinds, Dr. Morrill, and Mr. Sanders probably figure in both Dr. 
Howard’s paper and this; and no doubt some have been omitted from 
both. , 

Before progressing far, the original scope of this paper was broad- 
ened to include certain eminent entomologists connected perhaps 
with museums, or systematists who though perhaps not holding off- 
cial positions as entomologists, nevertheless, ike Cresson, have made 
notable contributions to our literature. | 

In the early days of entomology in this country, it should be re- 
membered that institutions for higher education were few; the system 
of state colleges which now covers the whole country like a net of 
lace work has been entirely developed within the past fifty years. 
Few of our agricultural experiment stations are more than twenty- 
seven years old. Nearly all of the colleges then in existence were of 
the classical type; scientific thought and action were just awakening. 

It is not strange, therefore, to find that many of the early entomolo- 
gists were not college graduates, though some of them studied for a 
time at one or more of the existing institutions. I shall take a few 
minutes of your time to speak of some of these early workers as well 
as some of the later ones who have passed from us. 

Dr. Thaddeus William Harris, who was the first great economic en- 
tomologist of this country, graduated from Harvard University in 
1815, and received his M.D. in 1820. 

Thomas Say, often called the father of entomology in America, was 
not a college-trained man. 

Dr. B. D. Walsh, first state entomologist of Illinois, graduated from 
Trinity College, Cambridge, England. Doctor Fitch graduated from 
the Vermont Academy of Medicine in 1829, and Le Baron also had 
the degree of M.D. and was probably a graduate of a medical college but, 
I have not been able to find any definite record to that effect. Doctor 
Le Conte received an M.D. from the College of Physicians and Sur- 
geons, and Doctor Horn from the University of Pennsylvania. 
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Professor A. 8. Packard graduated from Bowdoin college in 1861, and 
later received the degrees of M.D. and Ph.D. W. H. Edwards, 8. H. 
Scudder and F. H. Snow graduated from Williams College in the 
respective classes of 42, ’57 and .’62. 

Professor F. L. Harvey graduated from Iowa Agricultural College 
in 1872; E. A. Popenoe from Washburn College in 1876; D. S. Kelli- 
cott from Syracuse University; M. V. Slingerland from Cornell 
University in 1892, and W. G. Johnson from Stanford University in 
the same year, though having previously studied at Cornell, and at 
Ohio State University. 

Messrs. Thomas, Uhler, Lugger, Lintner, John B. Smith, and J. A. 
Grossbeck apparently received no college training, though Thomas, 
Uhler, Lintner and Smith were given honorary degrees. 

Among the older workers yet with us Professor Chas. H. Fernald 
studied at Bowdoin College, receiving an M.A. in 1871; Professor 
J. H. Comstock graduated from Cornell in 1874. Dr. Geo. Dimmock 
of Springfield, Mass., graduated from Harvard in 1877. Samuel Hen- 
shaw and E. T. Cresson were not trained in colleges though Henshaw 
received an honorary A.M. from Harvard in 1903. 

The card catalogue upon which this paper is based contains 306 
names. Following Dr. Howard’s arrangement in grouping them ac- 
cording to the part of the country in which the colleges are situated 
and adding Dr. Howard’s figures for comparison, the results are as 
follows: : 


Outside of 

Federal Federal 

Service Service! Total 
From colleges in the Eastern States............ 7, 14S 230 
From colleges in'the Central States: . 2)... loi 63 184 
From colleges in the Western States............ 28 31 59 
From colleges in the Southern States........... 15 23 38 
NotaleAmerican institutions... / 2s eee 281 230 511 
TotaliPoreionalnstitutions<25 wean. ee eee 3 12 15 
Noicolletes Ra nat x Sian ete ea eens soca, 22, 18 40 

306 260 218 1566), 


Of course the efficiency of the entomological worker depends far 
more upon the personal equation of the man than it does upon his 
college training. No college course can quite take the place of actual 
experience in field and laboratory. The fact that many entomologists 
without college training have become eminent, simply means that 
these men had the other necessary qualifications and succeeded in 


1 Figures taken from paper of Dr. L. O. Howard, Jour. Econ. Ent., Vol. VII, 
page 277. 
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CoLLEGE TRAINING OF ENTOMOLOGISTS 
Not in Federal Service 
Nome of Institution 2 E é 8 

Sl Oi aber 
2 A 8 wn 6 
SOS eels ems ra 
Bo | ea A ee Mae lle seals 
pelpama: Polytechnic Institute. 2.0..5..... 62: 1 ali 2 Gilles 
PRCME MYBO ONEGe = a 2 ae) 8 Pods OE Cs Dre, 
/s STULDersit, (COME Te a if! 1 1 1 
PeMPgasnate WO ONELE oe ol ie ge a oe ee 1 1 1 1 1 
Bye RMOMDVETCIGY 05.6 cca, -d ove Sots cde ee oo ts ie 1 1 
ES AMeVINIUENTVECTSIGY , . 6... ees ee lee oe ee ads 3 3 3 
Leela rte (Cro liltercee ap ae eae Pe il 1 
mweonmnGOWere: 2. ia. ys. id ce oc ha owe 1 ih 2 1 3 
Brooklyn Polytechnic Institute............... 1 1 1 
meromene@ @llere si ee le ede oe eel 1 1 1 2 
LeTDU al, (Cel See ee th 1 1 
LS Ti (COL se, 1 1. al 
@amipvellCallege 0 i ee eee 1 1 1 
MU VARIAMOMIVETSUGY 6... cs cole eee ce See eee ee 1 De gO eee 12a: 
erp OUE Ree os be wb lneed ys ws Aaa 5S ale |ae'6 
ROI CMOONCIE. ca ee be es ees 1 1 1 1 

College of Physicians and Surgeons........... igo esl Sey 
Colorado Agricultural College................ 1 5 1 CeO aley 
Columbia Wmiversity.............6..% Was Snatte il 1 Lea eet Ds ee 
Connecticut Agricultural College.............. 5 D 1 6 
Saopermviledieal College. fo eck oe ee 1 1 
PMC UIMUITINVENSILY 228. 4. soa 6 ate elev ele vies 207/24) 11 | 14 1°63") 26°) 89 
Waremoutn College... ee oe 3 3 Pend 
Delaware Agricultural College................ be ak 
Wem AWA MLVCESIGY eo hoi oo os chee ee ees 1 1 i 
Florida Agricultural College..... Prev itee pan: Zi Wane 
Georgia State College of Agriculture.......... 1 1 1 
German American Normal College............ if 1) 1 
Gemnan-Wallace College... Y. 3.62. ..e coke D) 2 2 
EMAarvara WmMiversity 6.00 ae ee Sek. od 6 i Dy 5°| 18 a2) 
Pinlisdaler College ek ey ee 1 1 if 
Illinois State Normal University.............. 2 2 a2, 
Towa State Agricultural College.............. S06 ye bb AKO) 
Nora vale WIMLVELSIUY, 62-05 les bs ss tates! 1 1 Del ae 
Vowa Wesleyan University. 4.5.<).8...2¢00..-. . 1 1 if 
James Mallen University. +2... ii... es. 1 a 1 
peterson Medical College 2030.2. ae. dle Wee al 
DoUnssopkins Wmiversity... sss. icc. o 2 Bul ant an eee) 
Kansas State Agricultural College............ =O) | rey 9} 5 | 14 


From Dr. Howard’s paper, Jour. Econ. Ent. Vol. VII, 279. 
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CoLLEGE TRAINING OF ENTOMOLOGISTS—Continued 


Not in Federal Service 
Name of Institution 2 5 5 2 = ee 
2 e a S s o 
wa eal = a a i) 
Kentucky: State sUmiversitives:. sneer ae oe 5 leeme 1 dilece 
Keuka*@ollegerd. 32-28 Vitis aren, omen ceener seer ee 1 1 at 
Knox, (College 4 Ce eee i ean epee ater ae 1 1 1 1 
abayette Colleges. sc. Mewar hae ee eee 1 1 1 
Maryland Agricultural College. . 2) 3. es. e 2 il AT EAS a Ste 
Massachusetts Agricultural College........... 1 |. 255124 Vela 36m bp: 
Michigan Acricultural:Colleges 3.22). 2s 2 | 10 6 12 ala. 
MuiddleburyCollegerc. ree nb. teeter ae 1 1 1 
Mississippi Agricultural College.............. DS pave} 
Montana Agricultural College. ............... il if ilies) ee 
New Hampshire Agricultural College.......... 3 il Ae el 0 
North Carolina Agricultural College........... 2 2 1 3 
Ohio; Norther! University. () fe pn ee 1 i 1 
Ohio State Umiversibyen eee sae al se eae 6. | 183) 1021S 23 SSeieiaals oO: 
Ohio WesleyancU niversitvas.)) : ao. eee 1 1 
Oklahoma Agricultural CoJlege............... il 1 2 il 3 
Ontario Agricultural'College 4.2... te 2 De Nee |e 
Oregon Agricultural College........ as Bis eat ke 1 i 2 2 
Otterbem University ati... es en. ee ee 2 2 2 
Pennsylvania stateWollese ea. ae ee Byes sea, 
‘Pomona Collepen) Pike ccreipn ees lee «ne Oe 3 3 2 5 
Princeton ZU niverstby% eases tec semen ae ee 2 i 3 3 
Purdue Umiversitivnt cs ee ty ee ee eo i 1 1 
Randolph-Macone Collese ss a. sce il iL 
Rutgers “Colleges. 0c ie nee Meee rt Pare vk i 2 eeulaale is 
South Dakota Agricultural College........... D il 2 2. 
Stanford: UimiVversitys.-. an mee ements Renn if 6. |, 2) s2.cl Saleen eles 
pivarthmore Collegens an as.%: mere sie eee ey os ae ih 1 1 
Syracuse UMIVeELsitiys. 145 hoe ele eee shen. 2 1 il il 
Texas Acricultural\@ollegew! 46 Mae ee 1 1 2 2; 4 
United States Military Academy.............'. i} if 1 
UniversityofCaliformiace. i eenno rene me ee 5 2 il 8 ft 9 
University:ol Chicago's Sooo) an. saree ee: ik if Di eee 
University of, Colorados 100) eee eee re 1 il 2 Ae | 273: 
University of Idaho... Ya) ie eee eee DW 2 
University of ilinoisi...400 eee ee eee 3 | 8.|. 20. OU e ome 
University,ot Indianas. -.).. een seer ni 5 REE aE 3) 1 5 il 6 
University, of Kansas) “26.2 eee eee 2.1 13°) 1O | Leelee eee 
Univyersity,or tiouisianay.: 2.7 be ine er eee 2 2 


1From Dr. Howard’s paper, Jour. Econ. Ent. Vol. VII, 279. 
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CoLLEGE TRAINING OF ENTOMOLOGISTS—Continued 


Not in Federal Service 

va #/ 2) 2} gs] 3 
Name of Institution ; 2 2 . 5 e z 
Setey ay euler les E 
ef eey AN Pet et al tetas patter lat 
sDimnversiiiyyor Maine... ke ee be 1 2, 1 3 
University of Michigan........ 5 PS Rin ae een 1 1 1 2 
Wamersiny-o1 Minnesota. ..... 0 0.0. eee le ee 1 Bye) 4 Oelaae a leah 
Wimersigy of Missouri... .......5..55. 65.55 5 5) 5 
bimmmercsityror Montana. . 2... 1... Oe ye ee 1 1 
branveusitwoor Nebraskan... 6.66.0. 66. eas 4 4 1 8 Topeak 
iMINESMMEOlINGVAGA c.f Se. oo. ee See ee ee 1 1 2, 
Wnrversity of North Dakota:.............4... ie aca 
Winwersiny-ot Pennsylvania... ..........6.65-+ ] 2 Aol O79 Otel 2 
Wunversity of South Dakota......:........... ie | ee 
hnmmersityol WMENNESSee 03 6... eee il 1 2 3 
VJEGINIGISTIIN (0) 04 eb 2 1 3 2 5 
TSS AO LORE eee ae re ee Bu oe 
Wmimersiny of Washineton......... 626.2000 0 i 1 1 Dela 
Wniversity-of West Virginia...............3.. Dae 2 
immversiiy ot WHSCONSIN; . . i... 0... ec eee ee 1 il if 3 1 4 
imiversigv-or Vermont... 0.6. ec ees ees 1 1 1 
VIESISASTS, 510) Si o7 a 1 1 1 
iianeNericultural College...... 2.0.2 .02.6.. J 3 Bal Wale is) 
Wangenont WHIVEISIGY.. ice ee deed ec cae al ) 1 1 
Mireinia Polytechnic. Institute. ...2........... 3 2 Selene avr 
Vi ai G30 COM eey eh re ane eee ae if 1 2, 2 
Psi CONC TE) cscs J skeen de 8 ea es il! 1 1 1 
Nismo tom ide JEMersON : 06. oes eye nce aes 1 1 il 
Washington University (St. Louis)............ 1 1 
\WIGRIGS ite UNS LS G55 Deanne ae OR 2 1 3 3 
Wester iveserve University. ....6...005..00000. 1 1 2 2 
WWalsmmsn@ollege,. 4.062 Fe Nee ciel aces 1 GY aa 6 6 
Worcester Polytechnic Imstitute.............. 1 1 1 
Shuler lls 


BUMMER SEY re. coe a) Fat ee Ete cytes tn 0 8 Po | 3 1 if 3 


spite of the lack of it. With it their success would have been even 
greater. 

Realizing that men frequently receive their undergraduate training 
at one institution, then go to another for graduate instruction; that 
some attend colleges but do not graduate; that it would be of interest 
to learn which institutions conferred the bachelor’s, master’s and 
doctor’s degrees possessed by our entomologists, the above arrange- 


1From Dr. Howard’s paper, Jour. Econ. Ent. Vol. VII, 279. 
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ment was finally adopted in the list of aie and the number of 
entomologists who have sprung from them. 

If we combine the number of different men with the similar figures 
given last year by Dr. Howard for the Bureau of Entomology, as 
has been done in the last two columns in the table, a better general 
survey of the subject will be obtained, despite the fact that duplica- 
tions undoubtedly occur. These statistics are given in the accom- 
panying tables. 

Of the institutions attended by the Ee ciis discussed in this 
paper, the Massachusetts Agricultural College leads in the number of 
25 bachelor’s degrees conferred. Cornell follows with 24; Cornell has 
given fourteen doctor’s degrees, Massachusetts Agricultural College 
seven. As regards the master’s degree, Cornell has conferred eleven, 
Ohio State Univeristy nine, and four have been given by the Massachu- 
setts Agricultural College. In the number of entomologists who have 
studied for a time without receiving a degree; Cornell also leads with 
twenty, and is followed by Ohio State University with eight. Cornell 
also is far in the lead, in the number of different entomologists who 
have studied within her walls. The following institutions lead the 
others in the number of entomologists receiving instruction there: 


Men out- 

side of 

Federal Federal 

Service Service Total 
Cornellitiniversityo7 eee eee ee 63 26 89 
Mass; Acricultural'(Collepers. oc. =. oe eee 27 36 63 
Ohio StatesUniversity..< ere oes eee ee 33 17 50 
Harvard Universityiewies 2 ee ce eee eee ce ee 18 7 25 
University or Kansass ise ce pee neo A eee 7. 5 22 
Wniversitysot Wlinoisir Ate wee ae oeele ce oe 15 5 20 
Michigan Agricultural College................. anes 7 19 
Colorado Agricultural College................. 7 10 Ly 
Stantord Universite = escort eee ce 8 #f 15 
Universityvol- Nebraskan: '7reeeere e 8 ‘f 5 


In the years to come it will be even more essential than in the past 
that the entomologist receives a good undergraduate college training 
as a foundation upon which to build the superstructure of his pro- 
fessional life work. 

It is particularly gratifying, today, to learn that so large a number 
of institutions are engaged in supplying the need. 


PRESIDENT H. T. Fernaup: If there is no discussion on this paper, 
we will now adjourn. 
Adjournment 4.30 p. m. 
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Morning session, Tuesday, December 29, 1914, 10.00 a. m. 


PRESIDENT H. T. FERNALD: The meeting will please come to order. 

VicE-PRESIDENT HERRICK: I move that the discussion of the pres- 
idential address be deferred until later in the session. Carried. 

PRESIDENT H. T. FERNALD: The first paper on the program will 
be read by Mr. A. G. Ruggles. | 


LIFE HISTORY OF OBEREA TRIPUNCTATA SWED. 
By A. G. RucGies 


Division of Entomology, Department of Agriculture, University of Minnesota 


On June 14, 1911, the Superintendent of Parks of St. Paul, Minne- 
sota, asked for help in diagnosing and combating a pest on the elm 
which was new to him. All the trees along one of the finest avenues 
in St. Paul were found with numberless dead leaves hanging from 
terminal twigs. The ground was strewn with leaves, reminding one 
of the fall season. In order to keep the lawns and boulevards in 
shape, the leaves had to be raked up each day and the insect was 
proving a nuisance if not a serious pest. 

No adult insects capable of doing this damage were seen then nor 
upon careful search later. As the eggs found seemed quite fresh, it is 
possible that the beetles may have been working at night or that they . 
were all through ovipositing and had disappeared. In the spring of 
1912, no adults nor egg-laying injuries were seen. Owing to a tem- 
porary absence from the state in 1912-18, no adult insects causing 
the damage have been taken in the field, up to the present time. The 
literature available gave only two references to an insect that might 
have been responsible for this damage.' These referred to Oberea 
ulmicola Chittenden. The work of this insect and the one in question 
corresponded very closely and since that time, in our notes, this insect 
has been referred to as Oberea ulmicola. Observations were made 
daily for a while, and weekly later, for the entire growing. season of 
1911 and the entire season of 1912. During my absence from the 
state in 1912-13, my assistant, Mr. George Peake, took care of the 
collected specimens and brought in new ones from the field from time 
to time. In January, 1913, under insectary conditions, and in May, 
1913, under natural conditions, the larve pupated, the adults emerging 
ten days to two weeks later. 

Since returning to the state, no opportunity occurred to study this 


1Forbes, 8S. A. Twenty-fourth State Entomologist’s Report of Illinois, 1908, 
Bull. Ill. State Lab. Nat. Hist. Vol. VII, Art. 1, pp. 10 and 11. 
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collected and reared material until November of the present year, when 
the beetles were sent to Dr. Chittenden for identification. He pro- 
nounced the beetle to be the common Oberea tripunctata (Swederes). 
The literature on O. tripunctata until a few years back referred only 
to the work of the insect on raspberry and blackberry. Hence, I 
surmise, according to a statement of Dr. Chittenden’s, these were 
really references to O. bimaculata (Oliv.). In 1908, Forbes! mentions 
this species as being found working on elm and in 1911 as working on 
dogwood. As this seems to be a new pest for Minnesota and as the 
life-history differs from that given by other observers, it seemed worth 
while to bring it to your attention. 
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Fig. 1. Shows work done by adult of Oberea tripunctata and the relative position 
of the egg. (Somewhat reduced.) 


THe WoRK OF THE ADULT 


The elm leaves, as shown in Fig. 1, were found on infested twigs and 
at the time the work was suspected to be that of the beetle in question. 
(This of course has never been proved.) Many twigs were found com- 
pletely girdled in several places, evidently due to more than one beetle 
ovipositing. Below the last complete girdle, there was seen a double 
irregular slit, evidently made by the two ovipositors not quite coin- 
ciding, which extended 7 to 8 mm. down the stem to an incomplete 
girdle. Half way between these two points, the egg was inserted under 
the edge of the slit bark. 


1Forbes,S. A. Loc. cito. and Twenty-sixth State Ent. Rep., [linois, 1911. 
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The egg is 2 mm. long and 0.7 mm. in width; cylindrical, with 
round ends, smooth and of a yellowish tinge. Many eggs were 
found on one stem, each in its characteristic position, but all the eggs 
between the complete girdling next the main stem and the end of the 
twig soon perished. Fig. 2 shows the methods of placing the egg in 
the twig. The arrow in Fig. 1 and the x in Fig. 2 show the position 
of the egg. 


LARVA -AND WORK 


The eggs began to hatch June 21, just one week after my first obser- 
vation, and no more eggs were found after June 28: The entrance hole 
of the larva was just below the lower end of the egg. In the majority 
of the burrows examined, the larve first tunneled upward and later 
returned to continue the burrow downward. Many perished by 
emerging at the girdled end. This may be due to their inability to 
turn around after emergence or possibly due to attacks of an enemy. 
Along the burrow, at short intervals, 6 mm. or more, the larva made 
holes through the bark or through an aborted bud out of which it 
pushed its borings. Up to October 30, 1911, the longest burrow made 
was 75 mm. The majority of the burrows, however, were much 
shorter. The larve at this time measured 5 mm. in length and had a 
head measurement of 0.6 mm. This, according to the theory of head 
measurement, would place the hibernation period in the third instar. 
By the last of July, 1912, practically all the larve had reached the last 
stage, having a head measurement of 1.2 mm. In September, 1912, 
some burrows were six inches and more in length and in the terminal 
portion of the burrow, the larva hibernated. In Minnesota, therefore, 
it takes two years for this beetle to complete its life-cycle. 

In wood-boring insects, it is very difficult to find moulted skins in 
the burrows and practically, therefore, impossible to tell the number of 
instars. I have been doing some work on the head measurement of 
these wood-boring insects, and a few species of wood-boring beetle 
larve in all their stages have been examined. The head measurement 
appears quite constant for a given period which we believe would 
correspond to the length of an instar, and therefore, this measure- 
ment is preferred to merely length measurements which are sometimes 
given with descriptions of larve. For Oberea tripunctata larve, the 
following measurements and descriptions are given: 

First Instar.—Head measurement, .36 mm.; length, 0.8 mm. to 2.6 
mm. The young larve are lemon-yellow in color, at times having an 
orange cast. The anterior part of the head and mandibles are a very 
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Showing detailed work of adult and position of egg (x4) 

A young larva soon after hatching (x6) 

A lateral view of a larva showing the ventral and dorsal ridges (x6) 
A pupa (x6) 

A ventral view of an adult (x6) 
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dark brown; the labium is light-colored and seemingly not chitinized. ° 
The posterior area of the dorsal portion of the head is light-yellow, 
resembling the thorax in color. A larva just after hatching is only a 
little over twice as long as the width of the widest part. The segments 
are closely set together. Later, as the larva grows, these separate, as 
in the other instars. The shape is typically Cerambycoid; the thoracic 
segment immediately caudad of the head having the largest diameter 
of all the segments, while the following segments gradually decrease 
in size until the penultimate segment is distinctly smaller and the anal 
segment distinctly smaller than the preceding. On a distinct anal 
ridge on the caudal portion of the first thoracic segment is a somewhat 
triangular area in which are short hairs or bristles giving the appear- 
ance of shagreening. ‘This area is very noticeable in all the succeeding 
instars. Ten transverse rows of short bristles are seen in each sha- 
greened area. The third, fourth and fifth rows are composed of larger 
bristles while the last few rows are very small and almost inconspicuous. 

A number of short, stiff hairs arise from the head and on the lateral 
margin of each thoracic and abdominal segment are found three to six 
hairs somewhat longer than those found on the head. The posterior 
margin of the caudal segment is beset with numerous hairs. Toward 
the end of the instar, the segments are plainly distinguished and 
dorsal ridges as described in instar number two begin to appear. 

Second Instar.—Head measurement, .45 mm., length, 3 mm. to 5 
mm. The last three or four rows of inconspicuous bristles in the 
shagreened area of the thorax are curved. On the dorsal surface of 
each of the abdominal segments, particularly the second to the sixth, 
there is a distinct, flattened, ridge-like area. These look like tubercles 
in a side-view. (Fig. 4.) The hairs are the same as for the first 
instar. 

Third Instar.—Head measurement, .66, length, 4.5 mm. to 10 mm. : 
Besides the characteristics mentioned for the other instars, the seg- 
ments of the larve have a decided moniliform appearance, due to the 
prominence of the dorsal ridges and the swollen lateral margins of the 
segments. The ventral surface of each segment has also a prominent 
ridge. 

Fourth instar.—Head measurement, .8 mm., length, 10 mm. to 22 
mm. The dorsal ridges are very regular and on the flattened surface, 
indistinct shagreening, divided into two distinct lines, each separated — 
by a median line, may be detected. The ventral protuberances have 
minute tubercles and hairs on the surface. 

Fifth Instar.—Head measurement, 1.2 mm.; length, 19 mm. to 
25 mm. The other characters are very similar to those in fourth 
instar. | 
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PUPA 


Pupe were found only in the second year after the eggs were found. 
In the field, they were normally found in May. In two or three weeks, 
the adults emerged. They le naked in the extremity of the burrow. 
Length, 13 mm., width, 3 mm.; color, uniformly white, at first, later 
changing to light yellow. The compound eyes are dark-brown quad- 
rangular areas on the ventral part of the head, close to the base of the 
antenne. On the anterior portion of the head, between the base of 
the antenne, are two sets of hairs, each set containing two hairs, one 
hair usually twice the length of the other. The distal half of the 
mandibles are light brown in color and the entire area between the 
mandibles is filled with the sub-triangular clypeus. 

The antenne are quite prominent, extending to the base of the 
hind femora when they curve forward to the base of the front legs. 


ADULT 


Like all the species of Oberea, this is a slender form; length, 12-14 
mm., width, 15-2 mm. The head, antenne, and middle and outer 
and inner margins of the elytra are black. The central area of the 
elytra, running three-quarters of its length, is usually orange in color. 
The head, elytra, and thorax are feebly punctate, the pits on the 
elytra being the more conspicuous. A dense gray pubescence is found 
over all these regions. The thorax is yellow or orange in color, and 
on the dorsal region has three black callosities. The smaller median 
one lies in front of the scutum, while the two larger spots lie one 
on each side of the median line. 

One of the distinguishing characters of the species is the banding of 
the ventral segments. The thoracic segments are black with perhaps 
the exception of the part of the metathorax where the yellow legs are 
attached. The first segment of the abdomen is yellow, the next two 
are black, the following segment is yellow, while the caudal segment 
is black. A slight overlapping of the segment areas by the yellow 
bands is often noticed. The yellow portions on some specimens are 
often replaced by dark orange. The proximal portions of the legs are 
yellow or orange, the tips being dark brown or black. 


PARASITISM 


As mentioned previously in the paper, many larve perished while 
in the burrow toward the cut end of the twig, due possibly to some 
predaceous parasite. Many times in later stages, the burrow was 
found empty with evidences that the larve had been attacked by 
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parasites. For various reasons none were reared. In hunting for 
larvee, the presence of empty burrows was very noticeable, so much so 
that in the notes taken in 1911-12, it was estimated that there must be 
from 50 to 80 per cent of parasitism. 


PREVENTIVE MEASURES 


At the time of the outbreak, it was recommended that all the infested 
twigs should be cut out and burned, or that if the tree was trimmed 
and pruned properly, the insects would be disposed of. This was 
done, to a large extent, and as we heard of no outbreak in 1913, the 
trimming must have been effective. 


Mr. J. M. Atpricu: I would like to ask Mr. Ruggles if he reared 
any parasites? 

Mr. Aft G. Rueeies: We did not rear any parasites. I was away 
so much that it was impracticable to attempt to do this. 

PRESIDENT H. T. FERNALD: We will now listen to a paper by C. 
Gordon Hewitt. 


THE BROWN-TAIL MOTH IN CANADA 


By C. Gorpon Hewitt, Ottawa, Can. 


(Paper not received in time for publication.) 


Presipent H. T. FerNaup: This paper is now open for discussion. 

SECRETARY A. F. Burcsss: Last spring, through the courtesy of 
Dr. Hewitt, I had an opportunity to visit New Brunswick and Nova 
Scotia and go over a part of the infested territory. This made it pos- 
sible for me to see the difficulties under which his men were obliged to 
work during the long cold winter which is usually accompanied by 
deep snow. 

The territory is not provided with good transportation facilities, 
particularly in New Brunswick, and this makes it very difficult for 
the men to do the work. 

I was greatly impressed with the conscientious and hard work which 
had been done by the field men in that territory. Dr. Hewitt has 
indicated the distribution of the brown-tail moth in Nova Scotia and 
New Brunswick, the outer line representing the territory found in- 
fested in the winter, 1913. In the spring of 1914, we made a trip 
through the southern part of New Brunswick from St. John to St. 
Stephens; thence to Woodstock, New Brunswick, and Houlton, Maine, 
and returned to St. John. 
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Another day was spent in the Annapolis Valley in Nova Scotia. 
During this trip, I did not see a brown-tail moth web, although a great 
many susceptible trees were hastily examined. This indicates that 
good work had been done by the field men. It also indicates the dif- 
ference in condition of infestations in that territory from what is found 
in some of the New England States. 

Dr. Hewitt mentioned a series of experiments that are being car- 
ried on by his assistants to determine the relation of temperature to 
the successful hibernation of brown-tail caterpillars. Last winter, 
particularly in the northern part of the infested territory in New Eng- 
land, large numbers of the brown-tail moth caterpillars died in the 
webs. Although we do not know accurately the exact causes, we be- 
lieve that temperature and humidity were very important factors. 

For several years, some experimental work of this sort has been 
earried on by the Bureau of Entomology and by some of the states, 
particularly New Hampshire, and some general conclusions have been 
reached in regard to the effect of temperature on hibernation. The dif- 
ficulty is the impossibility of securing accurate temperature records 
so as to determine the degree of temperature which will cause winter 
killing and whether fluctuations are important in this respect. 

We have come to the conclusion in our work that it is necessary to 
have a continuous temperature and humidity record at the locations 
where periodical collections are made during the winter. Experiments 
are being conducted this year along this line, stations having been 
secured at approximately sea level and at an altitude of about one 
thousand feet. Continuous records are being taken at these stations 
and collections of webs secured periodically and examined to deter- 
mine the condition of the caterpillars. 

Hearty codperation has existed between the Bureau of Entomology 
and the Dominion Entomologist in connection with the introduction 
of parasites into New Brunswick and Nova Scotia. In cases where 
the parasites of the gipsy moth and the brown-tail moth attack more 
than one host, it is possible to attempt a colonization of the parasites 
before these pests become established. This work, however, is largely 
experimental. 

We have codperated during the past summer with Professor Web- 
ster, who has charge of the Cereal and Forage Crop Insect Investiga- 
tions for the Bureau of Entomology. He supplied a man during the 
summer to make collections and we have rendered such assistance as 
was possible in securing Compsilura and Calosoma for shipment to 
New Mexico in order to test the value of these species as an enemy of 
the range caterpillar. : 

We have colonized parasites in all the New England States this 
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year and have carried on very successful codperative work with Pro- 
fessor O’ Kane in New Hampshire. 

Mr. W. E. Britton: Knowing as we do the general tendency of 
the brown-tail-moth to spread toward the north and east, I think it 
would be interesting if Dr. Hewitt would explain why the southern 
end of Nova Scotia is not generally infested. 

Mr. C. Gorpon Hewitt: Answering these inquiries as they are 
made, I would like to say in reference to Mr. Burgess’ remarks concern- 
ing the effect of humidity, that we find in Nova Scotia, judging from 
our own results along here (indicating on the map), that the average 
minimum temperature is higher than the minimum temperature in the 
interior of New Brunswick. Owing to the occurrence of greater hu- 
midity along the shore of the Bay of Fundy than in New Brunswick, 
we find a greater percentage killed at a higher minimum temperature. 
It is very evident that humidity exercises a very great influence along 
this region in Nova Scotia (indicating the Annapolis Valley), where 
the fogs are effective. 

In regard to Dr. Britton’s inquiry as to why the central region of 
the eastern part of Nova Scotia is not infested, I cannot explain that 
except in the absence of the chief food plants. This portion of Nova 
Scotia (indicating) has a very peculiar geological formation. It is 
largely coniferous and unsettled except here and there. Such occu- 
pied lands are usually infested, but we never found any webs in the 
scouting trips which have been made across the forest and lake region. 
The large flight in 1913 resulted in the infestation of the southeastern. 
region including Shelburne County. We had observations made on 
Sable Island by the lighthouse people, who collected and submitted 
for examination all the moths they could capture at the light. We 
did not find a single brown-tail moth but we found moths of the army 
worm in these collections. 

A Memper: What is the minimum temperature in New Bruns- 
wick? 

Mr. C. Gorpon Hewirr: The minimum temperature in New 
Brunswick in the infested region last year, I think, was, so far as our 
records show, 30.5 degrees below zero at St. Stephens. We found in 
Nova Scotia that one hundred per cent of the larve were killed at a 
number of points where the temperature went to 22 dégrees below. 

A Memper: In New Hampshire as high as 95 per cent have been 
found alive at a temperature of 30 degrees below. 

Mr. C. Gorpon Hewitt: We found them in New Brunswick with 
minus 30.5 degrees Fahrenheit temperature. 

PRESIDENT H. T. FERNALD: We will now pass to the next paper 
by Mr. C. H. Hadley, Jr. 
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CONTACT SPRAYS FOR BROWN-TAIL CATERPILLARS 
By C. H. Haptey, Jr., Durham, N. H. 


(Paper not received in time for publication.) 


SECRETARY A. F. Burcess: Mr. Siegler, one of Professor Quain- 
tance’s assistants, carried on some experiments with insecticides to 
determine their effect on brown-tail moth caterpillars. I think his 
results might be interesting. 

Mr. E. H. Sreeuer: Under the direction of Mr. Quaintance, 
experiments with various miscible oils, alone and combined with 
nicotine sulphate, were conducted in Maine and Massachusetts during 
the season of 1913. The first test of the spray materials was directed 
against the brown-tail nests and later, when the larve were emerging 
from their nests in maximum numbers, a second spray application was 
made. | 

A few days following the spraying of the nests, the nests were cut 
and removed to the laboratory at Melrose Highlands, Mass. Although 
the nests had been thoroughly drenched with the spray materials, the 
larvee emerged apparently unaffected. The structure of the winter 
nests makes it difficult for a spray material to penetrate sufficiently to 
kill the insects within. Furthermore, with large trees, it is difficult 
to thoroughly drench the nests unless a large amount of spray material 
is used. 

As soon as the brown-tail larvee were emerging from their nests in 
maximum numbers, they were sprayed with the miscible oils and 
nicotine solutions. This work was carried out both in the field and lab- 
oratory. In all instances the larve were thoroughly drenched. The 
results were not satisfactory. Owing to the hairy covering of the lar- 
ve, the spray materials stood in small drops at the extremity of the 
hairs, apparently not coming in actual contact with the body of the 
larve. The only material which gave satisfactory control was pure 
kerosene. This could not well be used owing to the probable injury 
it would cause to the host plant. 

Mr. C. H. Hapuny, Jr.: The experiments which we conducted 
were on small trees and in some cases we used eight quarts of material 
to a single tree. So far as possible, we aimed to drench the caterpillars 
in order to give the insecticide a good opportunity to penetrate. It 
is doubtful if we would use as large an amount of material in our spray 
ing operations. 

Presipent H. T. Fernatp: Is there any further discussion? | 

Mr. T. B. Symons: I move that we now take up the discussion of 
the President’s address. Carried. Vice-President Herrick takes the 
Chair. 
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Vice-PRESIDENT HERRICK: Personally, I was much impressed with 
two points—one the emphasis laid upon the desirability of more ex- 
haustive studies on the life-history and habits of insects. That I 
think has been emphasized by certain results obtained lately. I think 
many of us have felt that the extensive work of Professor Slingerland 
on the peach-tree borer precluded the necessity for any further work 
on this pest. J understand, however, that further work on the habits 
and life history of this insect by Professor Scott has enabled him to 
develop a method of control which is very efficient. This emphasizes 
the need of further study of the life-history and habits of other insect 
pests. 

Another point emphasized was more careful studies of insecticides. 
Undoubtedly Dr. Felt has brought together a good deal of proof that 
miscible oils are injurious to trees under certain conditions, but during 
the last two or three years we have applied miscible oils to a great 
many trees at certain stages, and in no case found injury to these trees. 
Unfortunately, we do not know just the conditions that bring about 
injury in some cases and no injury in other instances. This, it seems 
to me, emphasizes the need of more careful and thorough study of 
insecticides. 

I hope there will be further discussion of this address. 

Mr. J. G. Sanpers: I was deeply interested in one point brought 
out by the President regarding the necessity for very careful study of 
all stages of the life history of economic insects; which was empha- 
sized by the speaker. In our work on the control of the onion maggot 
in Wisconsin during the past four years, and in working up the lit- 
erature relating to the control of this species, we have noted a large 
number of remedies recommended for the control of the onion maggot, 
numbering | think over sixty. Practically all of these remedies have 
been recommended for the destruction of the egg or larva already 
placed on or adjacent to the onion plant, while a few methods were 
intended as repellents against the adult fly. It seems that no effort 
had been put forth to kill the adult fly before oviposition. 

In a careful study of the life-history of the onion maggot it was de- 
termined that a period varying from 10 to 14 days elapsed after the 
emergence of the adult female before fertile eggs were deposited. It 
seemed that if an effective means of killing the adult fly during this 
period could be obtained, it might possibly prove an effective control 
for this pest.. We have determined an effective poison bait spray 
which works satisfactorily with the adult fly and seems to be a very 
practical and effective control for the onion maggot, in some cases to 
the extent of 95 per cent to 98 per cent, while a ce plot adjacent 
was injured to the extent of 75 per cent. : 
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The poison bait spray used is composed of five grams of sodium 
arsenite dissolved in a gallon of boiling water into which is thoroughly 
mixed a pint of New Orleans molasses. This bait is applied as a coarse 
spray of large drops once a week in strips across the onion field through- 
out the summer. The results show almost perfect control at a cost 
not to exceed 50 to 75 cents per acre for the summer treatment. 

The results of this treatment serve to emphasize this point in the 
address of our President relating to a more careful and thorough study 
of all stages of our economic insect pests with a view to finding the 
most vulnerable stage in their life history. I really believe that more 
attention should be given to the destruction of the adult insects where- 
ever it is feasible. 

Mr. E. P. Fett: I think most of us would heartily endorse what 
our President conveyed in his message of yesterday, and while I do 
not care to discuss the address as a whole, I would like to refer to two 
matters, namely, the study of life zones and the prediction of insect 
outbreaks. 

We are located next to Massachusetts, and if we had desired to do 
so, could have brought a map of New York State showing very nearly 
a duplication of the conditions described in Massachusetts. More 
than that, we are using this general knowledge of life zones in our rec- 
ommendations and are finding in that connection some interesting 
and important economic applications. We began studying life zones 
in a general way in 1898, and while we have not given a large amount 
of time to the investigation, it is a matter which has been constantly 
in mind. At the outset we made some temperature calculations, and, 
among other things, found probable extensions of the upper austral 
zone almost to Lake George and Lake Champlain. We have in New 
York State, certain insects rather closely confined to this zone. This 
is fairly well marked in the case of the San José scale and the elm-leaf 
beetle. Five or six years ago the latter began to be injurious at Glens 
Falls (altitude 300+ feet, soil sandy), a locality considerably north of 
the usual recognized boundary of the upper austral life zone. At that 
time I gave an opinion in the belief that this locality lay in the transi- 
tion zone, to the effect that there was a fair chance of the insect not 
proving injurious. Subsequent developments showed that this insect 
was injurious not only there but also at Higbee (elevation about 
200 feet) on Lake Champlain. 

An important point in this connection is that the northern extension 
of the upper austral life zone and of insects associated therewith, may 
be brought about in two ways. In the first place we have a great 
prolongation northward of land only a little above sea level, and in 
the second, and fully as important in some respects, is that north from 
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Albany there is an extensive sandy area. Land of this character 
absorbs large amounts of heat in the daytime and gives it off at night, 
thus preventing during the active growing season, dangerously low 
night temperatures and permitting a greater extension of the upper 
austral life zone than would be possible otherwise. For example, the 
well-known southern Sphecius speciosus has been taken for several 
years in succession on the sandy plains west of Albany. 

We have endeavored to trace the connection between climatic con- 
ditions and insect outbreaks, because we realize that if we could say 
to our farmers: ‘“‘Certain weather conditions are favorable or unfa- 
vorable for the development of injurious insects,’’ we had something 
of practical value, provided it was not carried too far. Weare satisfied 
that abnormally low-temperatures continued late in the season mean 
favorable conditions for outbreaks of apple plantlice. 

Another interesting matter is in connection with the elm-leaf beetle. 
In 1912 and again in 1914, in a little village (Nassau) fourteen miles 
from Albany and having an elevation of about 400 feet, we have had 
a large number of elms under personal observation. In the early 
spring of both seasons, elm-leaf beetles appeared in numbers rather 
abundantly and deposited many eggs, a condition preliminary to exten- 
sive and serious injuries, which latter failed to develop as expected. 
We carefully examined the temperature records for the month of June, 
covering a period of ten years, and found in the case of the two years 
mentioned above, a marked decrease in the average temperatures dur- 
ing the middle ten days of the month, namely June 11 to 20 inclusive. 
This is a time when, under normal conditions, in our latitude, egg- 
laying should be at its maximum. It is necessary, in our estimation, 
that there should be a coincidence between the period of low tempera- 
tures and the time when oviposition is at its height, otherwise these 
vital functions, such as the deposition of eggs, their hatching and the 
development of the young larve, may simply be delayed rather than 
inhibited. Under our conditions it would appear that when the sum 
of the maximum and minimum temperatures (F.) for a ten-day period 
for or about the middle of June does not exceed 1,250, the proba- 
bilities are that egg-laying will be checked and that an unusual mor- 
tality will occur in both eggs and young grubs. This is simply a ten- 
tative proposition and is a line of investigation which must be followed 
with caution. 

A little farther east from Nassau, at an elevation of approximately 
800 feet, and surrounded by ridges running close to 2,000 feet, there 
seems to be relatively little injury from this insect, presumably due to 
the fact that the minimum spring temperatures prevent a normal and 
vigorous development. 
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This may possibly be applied more generally as soon as we recog- 
nize the vital factors and realize the connection between the period of 
maximum oviposition and adverse climatic conditions. 

Vicr-PREsIDENT Herrick: I would like to ask Dr. Felt if he knows 
the altitude of Ticonderoga? 

Mr. E. P. Fett: Approximately 200 feet. 

Mr. C. Gorpon Hewitt: I should like to add a word of praise to 
what has been already said regarding Dr. Fernald’s presidential address, 
so full of suggestion and admirable counsel. We find especially in Can- 
ada the truth of his remarks in regard to the necessity of working out 
more carefully and completely the life-histories of many known inju- 
rious insects. We have not had many workers in the past and have 
found it necessary to rely very largely on the results of investigations 
obtained in the United States. We are now finding on investigation 
that in many instances we are mistaken and that we have not been 
advising the best methods in the control of some of our common in- 
sects; therefore, I appreciate very fully the significance of the state- 
ment that further intensive work is necessary as all will agree. 

I was much interested in the second part of the address, in regard 
to the new fields of work, especially those which concern us, for exam- 
ple, relation of temperature to insects. The factors governing the 
distribution of insects concern us very closely, especially in regard to 
the question as to what insects now occurring and injurious in the 
United States are likely to find congenial conditions for injurious activ- 
ity when they arrive in Canada. I think from the fact that we have 
not found so many destructive insects as we might be led to expect 
would appear to indicate that certain species have reached the north- 
ern limit of their destructive powers. 

I was especially interested, too, in the President’s remarks on the 
necessity of our becoming more familiar with the relation of food to 
reproduction and longevity. There was one point that Dr. Fernald ~ 
did not mention (he naturally could not cover the whole ground of 
new work), and that is the desirability of securing information cover- 
ing or bearing on the relations of the Chemotaxis. The recent excel- 
lent results obtained by Messrs. Dean and Hunter and others in the 
use of poisoned bran, made attractive by lemon and other fruits, is a 
long step forward. Dr. Tragardh in Sweden and Mr. Howlett in 
India have given us much information regarding the attractiveness of 
various chemical substances. It is certain that this line of inquiry 
will open up a new field of immense practical value in the control of 
insect pests. 

We all appreciate, I am quite sure, the great importance of a gen- 
eral knowledge of foreign insects. As is well known to all the members 
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here, the British Empire has been endeavoring to overcome our lack 
of knowledge of the insects of foreign countries, and in 1912 the Impe- 
rial Bureau of Entomology was formed in London, one of the first and 
chief functions of this Bureau being to collect information regarding 
insect pests and to distribute that information to the various British 
countries and possessions. Most of the members in this meeting are 
able through the Review of Applied Entomology published by the Impe- 
rial Bureau to make use of that information. This-is one of the chief 
steps in the direction of making us better acquainted with the insect 
pests of foreign countries. 

Mr. W. E. Brirron: I have been much impressed with the Presi- 
dent’s address, and many of the points which he has mentioned are 
certainly deserving of further study. In regard to the elm-leaf beetle, 
however, I may state that formerly I believed as he does—that the 
danger of its doing much injury in the higher altitudes was slight. Dur- 
ing the past few years, however, I have changed my mind. During 
1914, especially, it has caused serious injury in Winsted, Norfolk, 
Canaan and other points about 1,000 feet above sea level. On the 
other hand, there was very little injury along the coast where the in- 
sect has caused serious damage for more than 20 years. 

With these introduced insect pests, it seems to me that we must 
allow them considerable time in which to find their economic level; 
that we may find it necessary to revise our first opinions because con- 
ditions may modify the habits or severity of a pest. Itis hardly safe 
to draw conclusions or to go very far in generalizing about the dis- 
tribution causes, until the species has been present for a long time and 
its status as a pest has become established. 

SECRETARY A. F. Burarss: A great many statements have been 
made that certain insects, particularly foreign species, will become a 
pest in this country only in certain regions and on particular food 
plants and this information has been published quite frequently. 

In the case of the brown-tail moth, for instance, it was, years ago, 
very common on elms in the worst infested region in New England. 
At the present time the number of webs found on elm trees is rather 
small. It was generally stated a number of years ago that the elm- 
leaf beetle was a city insect but the fact is that we find it in the country 
in New England almost everywhere elm trees grow. The same has 
been published concerning the leopard moth in regard to its being a 
shade tree or city insect, but it is very possible that this pest may later 
on do great injury in woodland. 

It seems to me, as Dr. Britton has said, you cannot lay down a law 
concerning new insects until we have had considerable experience 
with them. 
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VicE-PRESIDENT Herrick: If there is no further discussion, we will 
proceed with the program. President H. T. Fernald resumes the 
Chair. . 

PRESIDENT H. T. FERNALD: The next paper on the program will 
be read by E. P. Felt. 


FUMIGATION FOR THE BOX LEAF MINER 
By E. P. Frett, Albany, N. Y. 


The Box leaf miner, Monarthropalpus buaxi Lab., has become well 
established on Long Island and is seriously injuring ornamental Box 
hedges. The badly infested plants drop many of their leaves and soon 
become very scraggy and unsightly. The conditions are such that a 
considerable expenditure would be justified for control work in many 
instances, and a series of experiments were therefore started to ascer- 
tain the possibility of destroying the Dipterous maggots within the 
mines, since direct control methods against the midges or methods of 
preventing oviposition were not specially promising. The adults fly 
the latter part of May and there appears to be but one generation 
annually. 

A series of preliminary tests were made with twigs of Box kept in 
vials and exposed to the action of various gases in ordinary two-quart 
fruit jars. Under these conditions fumigation with 5, 10, 15 and 20 
drops of carbon bisulfid for twenty-four hours resulted in the maggots 
being pronounced dead within three days without, so far as could be 
observed, appreciable injury to the foliage. ‘The time was cut down 
to five hours, 15 drops of carbon bisulfid were used and the larve were 
apparently all killed and the foliage uninjured; 30 drops were used 
with an exposure of three and one-half hours with similar results. 

Two teaspoonfuls of carbon bisulfid to a ten-quart bell jar were used 
for the fumigation of entire plants, the larve being killed after a two- 
hour exposure, while a one-hour treatment with one and one-half tea- 
spoonfuls of the insecticide did not destroy the maggots. We are of 
the opinion that one teaspoonful to five quarts of space for a period of - 
at least one hour, we prefer at present to extend the time to two hours, 
will kill the larvee without injury to the plant. : 

Similar tests were conducted with carbon tetrachloride, and while 
the maggots were affected, the gas was not nearly so effectual, and 
after a period of twenty-four or forty-eight hours the larve were active 
and apparently normal. There was no appreciable injury to the 
foliage. 

The most interesting tests were with C. P. ammonia. It was used 
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at the rate of 5, 10, 20 and 30 drops to a two-quart fruit jar, the ex- 
posure being 15 and 60 minutes. The treatment was fatal to the 
maggots and there was also serious injury to the foliage. The gas 
penetrated the mines readily and caused the collection of moisture. 
The latter was probably drawn from both the plant and animal tissues 
and resulted in an early collapse of the larve, especially where the 
larger amounts of ammonia were employed. The mines in the treated 
foliage had a strongly pungent ammonia odor for two to even seven 
days after the fumigation. It is possible that by using smaller 
amounts of this chemical ‘we could secure the destruction of the larvee 
without serious injury to the plants. Our preliminary experiments, 
however, indicate the probability of more or less damage to the foliage. 

Flake napthalene used at the rate of one-half teaspoonful to a two- 
quart jar and giving an exposure of five hours, resulted in the larvee 
becoming quiescent and eventually recovering. There was no injury 
to the plant. . The twenty-four hour fumigation gave practically the 
same results. 

Potassium cyanide, 95 per cent was used at the rate of one dram 
with one-fourth of an ounce of sulphuric acid and three-fourths of an 
ounce of water to 27 cubic feet, the exposure being for 15 minutes. 
This strength is practically one-half that reeommended for fumigating 
nursery stock, namely, one ounce to two hundred cubic feet of space. 
This treatment killed some of the larve and did not injure the foliage. 

Owing to. conditions it was impossible to supplement these tests 
by experiments under field conditions. 


VicE-PRESIDENT HeErRRIcK: I would like to ask Dr. Felt if he tried 
any contact sprays like Black Leaf 40 on the foliage. 

Mr. E. P. Fett: We tried contact leaf sprays in the course of the 
experiments and got absolutely no results on box leaf miner. It is a 
thick leaf and the membrane over the mine is rather thick. 

Mr. E. N. Cory: In Maryland, there was found one infestation of 
this insect on a hedge on a large estate.. The hedge is about 600 feet 
long and practically two-thirds of it is infested. We have attempted 
some preliminary experiments with cyanide but were unsuccessful in 
our fumigation. We tried Black Leaf 40, one part to 500 parts of 
water with the addition of two pounds of fish-oil soap and were un- 
successful with that. We have planned to continue on this hedge with 
contact insecticides. We will also follow Dr. Felt’s work and try some 
of his fumigation experiments on this hedge. 

Mr. E. P. Fett: One more statement entirely outside of the scope 
of the paper. Professor Stene of Rhode Island reports fairly good 


96 JOURNAL OF ECONOMIG ENTOMOLOGY Vol. 8 


results with contact insecticides such as kerosene emulsion or whale oil 
soap solution, applied when the midges are beginning to emerge. 

Mr. P. J. Parrotrr: This discussion is of great interest to me be- 
cause there occurs in New York an insect which is a miner of the 
foliage of certain kinds of sour cherries. On the basis of the work 
which has been done with the elm-leaf miner, I attempted to combat 
the pest by the use of various contact mixtures, including nicotine 
preparations, soaps and oil emulsions. With none of these insecti- 
cides were we able to kill the leaf-miner. Finally we tried fumigation 
with hydrocyanic acid gas which was very effective. If the insect 
becomes a serious pest, it may be necessary to resort to this treatment, 
but for the present we are recommending the removal and destruction 
of infested leaves and cutting out of hawthorn plants in the immediate 
vicinity of the orchards. 

Mr. W. C. O’Kane: Our experience to some extent agrees with 
that of Mr. Parrott. The subject is attractive only to an insecticide 
man who has some knowledge of the nature of the leaf. Apparently 
the leaf tissue in that case is of such texture that the substance will 
not penetrate. 3 

PrEesIDENT H. T. FERNALD: Experiments on the box leaf miner in 
Massachusetts on plants brought from Newport, R. I., gave no indi- 
cation that Black Leaf 40 could penetrate the tissue, and experiments _ 
with that material proved practically a complete failure. Fumiga- 
tion was not considered, because of the conditions under which the 
' box is grown, at least at Newport, where there are long hedges of it or 
rows of it hundreds, and perhaps in some cases even thousands, of feet 
continuously. It seemed almost impracticable to apply fumigation 
methods under such conditions of growth; but when Black Leaf 40 
failed as a contact application there seemed to be nothing left to be 
done with the limited material available for experimental work. 

Mr. E. N. Cory: Have any experiments been tried with poison 
sprays? 

Mr. .E. P. Fett: Not to my knowledge. We know almost noth- 
ing as to the effect of such sprays upon the larve or adults. 

PRESIDENT H. T. FERNALD: The next paper will be presented by 
C. P. Gillette. 
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NOTES ON SOME COLORADO APHIDS HAVING ALTERNATE 
FOOD HABITS 


By C. P. Gmuuerte and L. C. Braae 


Chermes cooleyi Gillette and its var. cowenz Gillette 

This species and its variety may be said to live all the year through, 
upon both the Engelmann and blue spruces for one form, and the 
Douglass fir for the other. The lice upon these trees now are all in 
first instar stage, none of them having passed through the first moult. 
Those upon the Engelmann and blue spruces all have their sete thrust 
into the bark of the twigs where they will develop and deposit eggs 
in the spring, and these eggs will hatch the second generation which 
will produce the cone-like galls at the ends of the twigs. Early in 
July these galls will give out the adult winged lice of this form which 
will all fly to the Douglass spruce to lay their eggs upon the needles. 
The young from these eggs hatch, and without growing in size or 
moulting, will remain upon the needles with their sete inserted along 
the median line until the following spring. In the spring these lice 
become mature and lay eggs which hatch into a brood of lice, some of 
which remain upon the Douglass spruce, while others go to the needles 
of the Engelmann and blue spruces where they deposit the eggs for the 
form above described that remains over winter. So each year the two 
forms of this species migrate, one to the Douglass and the other to the 
Engelmann and blue’spruces. The Douglass spruce should not be 
planted near Engelmann and blue spruces in a yard or park. 


Pemphigus bete Doane 

This insect is a native of the Rocky Mountain region, and is a rather 
general feeder upon the roots of plants during the summer season. 
The goosefoot family, especially sugar beets, garden beets and mangel 
wurtzels, are favorite food plants. Among our native plants and 
weeds, we have found this louse common upon the roots of Aster, 
goldenrod (Solidago), Iva xanthifolia, and lambsquarter, Chenopodium. 
While it does not seem necessary for this insect to take on a fall mi- 
gratory habit, still, as near as we have been able to estimate, about 
one-half of the lice acquire wings during September and October and 
leave their summer hosts and fly to the cottonwoods. Apparently, 
only a small percentage ever find the desired host. In beet-growing 
sections it is common for these lice to fly in countless millions, like 
great swarms of ants, for more than a month during the warmer por- 
tion of the day. Since the fall of 1910 we have known that this louse 
migrates to the cottonwoods,! in large numbers in the fall to deposit 


1 See twenty-third Annual Report Colorado Experiment Station, p. 98. 
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‘the sexual males and females, but not until the past summer has it 
been definitely determined in what form this species appears upon the 
cottonwoods early in the summer. Mr. Asa C. Maxson, in charge of 
the experimental work in the Longmont district for the Great Western 
Sugar Company, who has been a collaborator with us in some plant 
louse studies, has succeeded the past summer in determining the form 
of gall produced by this louse upon the cottonwood leaves and in suc- 
cessfully colonizing the lice in large numbers upon the beets and in 
rearing from these colonies, the sexuparze. We extract from a report 
by Mr. Maxson upon his work as follows: “On May 4th . . . the 
larvee were located upon the upper side of the leaf which was light in 
color where the larve were feeding, and showed a depression which, 
as it grew larger, entirely inclosed the insect and formed a gall on the 
under side of the leaf. This form of gall is produced by Pemphigus 
balsamifere Williams.’’! 

Many observations by the writers tend to confirm the conclusions 
reached by Mr. Maxson whom we congratulate on the excellent life 
history work that he has done on this insect, which is one of the worst 
pests that the sugar beets have to contend against in the Rocky Moun- 
tain States. 

It seems probable that Parker, in JouRNAL oF Economic ENTo- 
MOLOGY, 1914, page 139, hit upon the correct gall for this louse, but 
referred to it on page 141.as by populicaulis Fitch, which produces a 
globular gall upon the petiole of the leaf. Furthermore, this gall 
occurs in the Middle and Eastern States, while P. bete seems to be 
strictly a Western species. 

Pemphigus populicaulis Fitch 

Winter host, Populus species; alternate host unknown. 
Pemphigus populitransversus Riley 

Winter host, Populus species; alternate host unknown. 
Pemphigus populiramulorum Riley 

Winter host, Populus species; alternate host unknown. 
Pemphigus ulmifusus Walsh 

Winter and early summer host, Ulmus species; alternate host un- 
known. 

Mordwilkoja vagabunda Walsh 

Winter host, Populus species; late summer host unknown. 
Asiphum pseudobyrsa Walsh 

Winter host, Populus species; alternate summer host unknown. 
Astphum saccult Gillette 

Winter host, Populus tremuloides; alternate summer host unknown. 


1 Aphidide of Nebraska, Wiliams. University Studies, Vol. X, No. 2, 1910. 
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Thecabius populiconduplifolius Cowen 

This species has Populus occidentalis for its over-winter and early 
summer host, and migrates to native species of Ranunculus for the 
later summer and fall months. Transfers between these host plants 
are readily made artificially and the lice do not all leave the Ranun- 
culus in the fall, so that they may be found upon Ranunculus the year 
round. In fact, many lice having alternate host plants infest one 
of the food plants continuously, a portion of some brood acquiring 
wings and migrating to a different species of plant as an alternate host. 
Prociphilus corrugatans Sirrine | 

Occurs commonly upon Crategus species as a winter host; alternate 
host unknown. | 
Prociphilus alnifolie Williams 

Occurs upon Amelanchier alnifolia as the over-winter host; the al- 
ternate host unknown. 

Colopha ulmicola Fitch. 

Occurs upon Ulmus americana as the winter host, and upon Fra- 
grostis species during later summer and fall. The migrants returning 
during September and October to the elms. 

Tetraneura graminis Monell 

Occurring upon Ulmus americana as the winter host, and upon rice 
cut-grass, Lersia oryzoides, during the summer and fall. 
Schizoneura americana Riley 

The sexupare of this species fly in great numbers to the trunks and 
lower limbs of the American elms during the months of September 
and October each year. The sexual males and females are deposited in 
any hiding place beneath bits of bark where it will be difficult or im- 
possible for Coccinellids to reach them. The eggs laid by these sexual 
females hatch into stem-mothers the following spring that locate upon 
the young opening leaves and start the generations that cause the 
leaf-curl gall that Riley figured as the gall of americana. The spring 
migrants resemble the return migrants of the fall, and neither should 
be confused with the fall migrants from the apple (lanigera) which are 
bark feeders and which differ markedly from americana in both anten- 
nal and wing characters. So, while it seems certain that this species 
has an alternate food plant upon which it lives during the latter part 
of the summer, we have not been able to locate it. 

Schizoneura rileyt Thomas 

This species, also occurring on the elm, but always as a bark feeder 
like lanigera of the apple, deserves mention for the purpose of avoid- 
ing confusion with the other elm species. It is quite distinct from the 
other species of the genus mentioned and probably has no alternate 
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food plant as we have taken the sexupare, the true sexual forms and 
the eggs of this species on elm trees where colonies have been present 
throughout the summer. 


Schizoneura crategi Oestlund 

Like lanigera, this is a bark feeder and occurs upon the bark of both 
the limbs and roots of native Crategus in Colorado. It also gives off 
fall migrants which are much longer winged than lanigera and con- 
sequently more nearly like americana of Riley, but we do not know 
that its alternate host plant has been definitely determined. 


Schizoneura lanigera Hausman 

This species inhabits the apple throughout the year. During August 
and September sexupare migrate in large numbers from the apple, 
but we have never been able to find these migrants establishing them- 
selves upon other host plants, and we have never found return mi- 
erants early in the summer coming to the apple. We are inclined to 
the opinion that a regular alternate summer host for this species is 
not positively known. We feel certain that sexupare from the apple 
do not migrate to the elm and produce either the elm leaf-curl gall, 
Schizoneura americana of Riley, or the leaf-cluster gall or rosette of 
the elm which was included by Riley in his species americana, and 
which we consider, for morphological and other reasons, to be a dis- 
tinet species. We regret that, for Colorado at least, we cannot accept 
the conclusions of Dr. Patch that Schizoneura lanigera upon the apple 
has anything to do with the production of either the elm leaf-curl or 
the elm leaf-cluster as described by Riley. A full discussion of this 
matter would be too lengthy to incorporate here. 
Anoecia corni Fabricius 

This species winters in the egg state in large numbers upon the stems 
of dogwood, Svida stolonifera, in Colorado. The lice completely desert 
the dogwood early in the summer and go to unknown plants. 
Rhopalosiphum rhois Monell 

This louse is fairly common upon Rhus trilobata as a winter host in 
Colorado. During the summer and fall months it occurs upon many 
of the grasses where it seems to prefer the flower heads. We have 
taken it from timothy, wheat, oats, barley and native species of Kiy- 
Mus. 
Amphorophora howardiz Wilson 

This species was described in Canadian Entomologist for 1911, page 
59, and was referred to under this name by Davis in Canadian 
Entomologist for 1914, page 165. It seems to be a synonym of rhozs. 
Rhopalosiphum lactuce Kaltenbach 

This is a common species on Sonchus oleraceus during the summer 
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months, the stems and flower heads often being literally covered with 
the lice. During September and October the males and the sexupare 
desert the Sonchus and go to species of Rzbes, especially awrewm and 
vulgare, where the sexual females are deposited, and, after fertiliza- 
tion, deposit the over-winter eggs. 

This is undoubtedly the Rhopalosiphum ribis Koch, which Buckton 
figured on Plate 39, Volume II, of his British Aphidide along with the 

- leaf galls of Myzus ribis. 


Rhopalosiphum hippophes Koch 

The summer form of this louse inhabits species of Persicaria exclu- 
sively, so far as we have been able to determine. In the fall, the sexu- 
pare migrate to species of Eleagnus, Shepherdia and Hippophe, which 
are closely allied plants, and deposit the sexual females which later 
deposit their eggs about the buds. The males follow when the females 
are about half grown. 

The over-winter hosts for this species also serve as winter hosts for 
Phorodon galeopsidis Kalt., and Myzus braggit Gill. As a paper by 
the senior author of these notes, dealing with the synonomy of this 
group, is expected to appear soon in ‘Annals.’ We will not enter 
into a discussion of the matter here. 


Rhopalosiphum pastinace Linneus 

This species becomes very abundant upon Pastinaca and some 
other Umbelliferous plants during the summer months in Colorado, and 
in the fall goes to the honeysuckles belonging to the genera Lonicera 
and Zylosteum. Both males and sexupare migrate. 


_ Rhopalosiphum capree Kaltenbach 

This species has been much confused with Pastinace in the past 
because it also goes to the Umbelliferw as summer hosts, and in a general 
way the two species are similar in appearance. Under the microscope, 
however, capree is easily distinguished by its caudal horn appearing 
like a second tail, and its winter host is always a species of willow. 
For a fuller discussion of these species see JOURNAL OF ECONOMIC 
Entomouocy for 1911, page 320. These species could well be placed 
in different genera. 


Hyalopterus arundinis Fabricius 
~, Occurs abundantly upon plum and prune as over-winter hosts, and 
migrates in early summer to Reed Grass, Phragmites communis, from 


which the males and sexupare return to Prunus in the fall. 


Aphis bakert Cowen 
This species winters freely upon both the cultivated apple and 
Crategus. It migrates early in the summer to the white and red clovers. 
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When the plants are large or somewhat protected we have found this 
species spending the winter upon the leaves of red clover. While this 
is a common louse in Colorado, and we have done a large amount of 
collecting for plant lice, we have never found it established upon any 
herbaceous plant outside the clovers. 


Aphis setarie Thomas 

A rather common species infesting the plum as a winter host in Colo- 
rado, and going to the grasses for the summer. We have taken it most 
commonly during the summer upon Panicum crusgalli, but also upon 
Setaria sp. 


Aphis viburnicola Gillette 

The sexupare of this species come very regularly in large numbers to 
the snowball, Viburnum opulus, every fall. Soon after the creamy 
white sexual females have begun to develop, the males follow and later 
the eggs are deposited about the buds and axils of small twigs. The 
young of the stem-mothers all get wings.and leave the snowball bushes, 
but we have never been able to locate the alternate host where the 
summer months are spent. 


Aphis avene Fabricius 

We have, at least, two or three species of Aphis which occur upon 
both the apple and some of the grains and grasses that belong to what 
we have designated as the avene group. At present, we prefer to pass 
this group by as we are not able to satisfy ourselves as to just which of 
these species avene really is. 
Myzus bragii Gillette 

This species spends the winter upon Elewagnus and migrates to the 
Canada thistle, Cardwus arvensis, as the summer host. It seems prob- 
able that there are additional summer hosts, but we have not been 
able to locate them. 


Myzus persice Sulzer 

This species passes the winter upon pit fruits, peach, plum and cherry 
with an apparent preference for the peach. The spring migrants 
go to a very wide range of summer hosts, some of the most important 
of which are the cabbage and other cruciferous plants, potatoes, 
tomatoes, beets, species of Rumex, Dianthus, etc. This louse is another 
species that is able to continue its existence from one year to another 
in protected places out of doors and in greenhouses. 


Phorodon humuli Schrank 

Winters on the plum, and in Colorado we have taken it in some 
numbers upon plum foliage throughout the year. The regular sum- 
mer host is the hop. 
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Macrosiphum granaria Kirby 

The eggs of this species are deposited upon rosebushes in the fall. 
Early in the summer the migrants go to oats and wheat, and probably 
to some other grains and grasses. 

Macrosiphum dirhodum Walker 
_ This species, like the preceding, has the rose as a winter host, and 
goes to the grains and grasses during the summer. 

It seems a surprising thing that, after so much study of the life hab- 
its ‘of the Aphidide, there are still so many species having the habit 
of alternating their annual host plants, where only one of the winter 
hosts is known. There is still abundant opportunity for much good 
research work along this line. 


PRESIDENT H. T. FERNALD: We will now take up a paper, the 
title of which failed to be printed on the program, by Mr. E. B. 
Blakeslee. 


A MECHANICAL PROTECTOR FOR PREVENTING INJURY 
BY THE PEACH BORER 


By E. B. BLAKESLEE, Washington, D. C. 


(A bstract) 


This paper briefly discussed the feeding habits and behavior of 
newly hatched peach borer larve. The point was emphasized that, 
in addition to the fact that large numbers of eggs are deposited about 
the crown of the tree, larve hatching from eggs deposited on trunk and 
branches instinctively migrate downward and begin their work below 
the surface of the soil. When an impenetrable barrier was placed at 
the crown of the tree, the larve made no attempt to enter above it. 
By the use of a cone-shaped tarred paper protector, extending out for 
eight inches to one foot from the base of the tree, and sealed with a vis- 
cous substance, it was found possible to entirely exclude the larve 
from the tree. The protectors were cut out in circular form with a 
hole in the center somewhat larger than the trunks to which they were 
to be applied. To serve as a support for the protector the earth was 
pulled up to the tree, slightly, making a small mound, the base of 
which was slightly below and the top slightly above the surface of 
the ground. The protectors were then brought tightly about the tree 
and fastened, the contact with the tree and the laps coated with a 
sticky sealing material and the earth pulled back over the edges. 
Field experiments showed that these protectors were able to maintain 


® 
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their impenetrable character under field conditions. Photographs of 
the protector were exhibited. , 

Mr. E. B. BLAkEsLEE: Mr. Scott has secured very good results 
with a device which is essentially the same as the one described. 

A Memser: I would like to inquire if in these experiments any- 
thing like cement was used which would harden in the soil? 

Mr. E. B. BuakesytEE: We have not used cement or gas-tar mix- 
tures for fear of injuring the trees. I do not think the cement would 
give good results. 

A MerMBER: Some years ago we tried a series of experiments to 
test mechanical protectors of various sorts as a remedy for the peach 
borer. ‘Those that we tried usually caused considerable injury to the 
trees. 

Mr. E. G. Tirus: In Utah, we find that peach borers attack the 
trunks and branches as well as the crown of the tree. This makes it 
difficult to use a mechanical protector. 

Mr. Witmon NEWELL: ‘To me this is a very interesting paper. I 
think a glance at these photographs will convince any entomologist 
that the right principle is being correctly applied. We were working 
on this same insect in Texas a couple of years ago and tried to make 
application of the same principle. We even went so far as to make 
paper protectors but were not successful in sealing them to the trunks 
of the trees. 

I am familiar with the work done along this line by Mr. Scott the 
past summer, and mentioned by Mr. Blakeslee. I happen to know 
that Mr. Scott’s protectors, very similar to these but made in a differ- 
ent way, were placed on the trees early in the season. The results 
were such as to convince me that a method of control for one of our 
worst fruit tree pests has been developed. We should not let this 
matter pass without getting all the information we can and I would 
like to ask if Mr. Scott will give us the results of his work along this 
line. 

Mr. W. M. Scorr: I was not aware that this subject would come 
up for discussion and therefore did not come prepared with notes on 
the results of my experiments, except such as I happen to have in this 
little pocket note-book. 

I began experiments for the control of the peach tree borer while 
State Entomologist of Georgia, about 15 years ago, and have since 
continued to work on this problem as a peach grower. After trying 
numerous washes I concluded, as did Mr. Blakeslee, that this was not 
the right method of procedure. The habit of the newly hatched larve 
to crawl down the trunk of the tree and enter the moist tender bark 
below the surface of the soil furnished the clue to the solution of the 
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problem. In order to prevent injury from this insect, it is necessary 
to prevent the larve from reaching the underground portion of the 
tree. This is easily accomplished by encircling the trunk at the ground 
with a flexible soil-covering mat which must be impenetrable to borers 
and impenetrably sealed to the tree. 

Last March I began to devise a protector that would fulfill the re- 
quirements and finally adopted a tarred felt mat, 16 inches in diameter, 
with a hole in the center to conform to the diameter of the tree and a 
slit from the hole to the outer edge. The soil is first mounded some- 
what around the tree and the protector placed over this mound. The 
slit edges are lapped and glued together with a viscous material and 
the protector is sealed to the tree with the same material, completely 
filling all openings, so that it is impossible for the borers to reach the 
soil without crawling away from the tree beyond the outer edge of the 
protector. The viscous material for effecting an absolute sealing to 
the tree is an essential feature of the protector. I tried several sub- 
stances and found the best to be a sticky preparation consisting, for 
the most part, of a residuum from the partial distillation of coal tar. 

Beginning on June 9, 1914, I applied protectors to:250 peach trees 
in my orchard at Hancock, Md., and the results were perfect except 
where the mat was not properly sealed to the tree. An examination 
on October 2 showed that of 40 Belle trees provided with protectors, 
28 were entirely free from borers, 7 had one each, 4 had two each and 
1 had sixteen. The protectors had broken loose from the trees where 
a poor paste was used and this accounts for the successful entrance of 
the borers in these trees. It also emphasizes the necessity of main- 
taining an absolute seal between the protector and the tree. An aver- 
age of 12 borers per tree was found in 15 unprotected trees nearby. 

In a block of three-year-old Elbertas 20 treated trees were examined 
and 16 of them found free from larve. The protectors had partly 
cracked loose from the other four trees, admitting from 1 to 5 borers. 
Twenty untreated trees in an adjacent row were examined and found 
to be nearly ruined by borers. There was an average of 28 borers per 
tree and 5 trees averaged over 40 per tree. This gave the protectors 
about as severe a test as they could be subjected to. 

Now in justice to myself and others I should admit that, on Septem- 
- ber 30, I applied for a patent on this method of protecting trees against 
borers. 

Mr. T. J. Heapuer: Mr. Blakeslee, what did you use for sealing 
the protector? 

Mr. E. B. BLAKESLEE: I used ‘‘tanglefoot,”’ it was the best thing 
I could find. I find the tanglefoot seems to retain efficiency under 
ordinary conditions. It doesn’t dry out. 
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Mr. T. J. HEADLEE: We have used tanglefoot for two seasons and 
while there was no injury the first season, during the second season 
the bark has died beneath the tanglefoot and the trees have perished. 
Our applications were made on a very small surface of the tree. 

Mr. A. L. QuaInTANCE: I want to congratulate both Mr. Scott 
and Mr. Blakeslee for this discovery—independent discovery, as I 
happen to know. It appears to be a true case of parallel development. 
I am inclined to believe that the development of this tree protector 
marks the finish of a first-class insect pest which, up until now, has 
never been satisfactorily controlled. Of the many species of per- 
nicious insects with which the orchardist has to contend, none have 
been more troublesome for a longer time than the peach borer. It 
is noted that Mr. Scott has applied for a patent for this protector. 
Should this be granted to him, the bureau will naturally discontinue 
further work along this line. It may contribute to its more speedy 
adoption by peach growers that it should be pushed by private inter- 
ests, and I feel perfectly sure that no claims will be made by Mr. Scott 
as to its merits which, in his judgment, are not fully warranted. I 
certainly hope that it will be used by peach growers everywhere who 
are troubled with the peach borer. 

Mr. W. E. Rumsny: In our experiments at the West Virginia 
Agricultural Experiment Station against the peach tree borer we have 
been trying some penetrating substances which were sprayed on the 
base of the trees to determine if it is practical to destroy the young 
borers in this way. While the work has not been under way for a 
sufficient length of time to obtain definite results some interesting 
observations have been made. ‘Two of the materials used for the 
purpose mentioned were avenarius carbolineum emulsion and “‘ Orchard 
Brand” miscible oil (1-9). To apply the materials the soil was re- 
moved from the base of the tree, as is done in ‘‘worming,’’ and the 
trunk sprayed from six or eight inches above the general surface of the 
ground to the bottom of the cavity made by the removal of the soil. 
After spraying the dirt was replaced. The materials were applied in 
October and the trees examined the following June. The check trees 
showed an average of about five borers to a tree; with the miscible oil 
treated trees the average was one borer per tree; and where carbolin- 
eum emulsion was used we found an average of less than one borer per 
tree. 

When applying the carbolineum emulsion night came on before the 
work was completed and when we returned the next morning three 
dead borers were found on the bark of the last tree treated the previous 
evening. One had worked its way completely out of its burrow and 
the other two were half way out. This indicates that the emulsion 
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had penetrated the bark and the borers had tried to escape. In the 
use of the two substances mentioned there.was no apparent injury to 
the trees. 

SEcRETARY A. F. Burgess: I would like to ask Dr. Headlee if both 
old and young peach trees were injured by tanglefoot? We are using 
large quantities of this material each year and seldom notice any 
injury, although we very rarely apply this material to peach trees. 

Mr. T. J. Heapter: The tanglefoot was applied both to young 
trees with thin tender bark and to old trees with rough heavy bark in 
bands about eight inches wide, beginning two or three inches below 
the surface of the soil and extending five or six inches above. The 
young trees first exhibited injury, but sooner or later practically all 
succumbed. 

PRESIDENT H. T. FeRNaAtp: If there is no further discussion, we 
will take up a paper by George A. Dean and R. K. Nabours. 


A NEW AIR CONDITIONING APPARATUS 


By Geo. A. Dean, Entomologist, and R. K. NasBours, Zodlogist, Kansas Agricul- 
tural College and Experiment Svation 


_ Within the last ten years the influence of moisture and temperature 
on animal life has received considerable attention. It is not necessary 
to emphasize the value and the absolute necessity of accumulating 
data relative to this important phase of entomological and zodlogical 
work. The difficulty in this work has been to devise or to secure some 
sort of an air conditioning apparatus that would maintain a desired 
constant humidity and temperature within a reasonable degree of 
variation. Different individuals have devised various machines and 
incubators for this purpose, but to the knowledge of the writers they 
have all proved more or less unsatisfactory. For several years the 
departments of entomology and zodlogy of the Kansas Experiment 
Station have been building and experimenting with various moisture 
and temperature control apparatus. Last spring at the suggestion 
of Professor Potter, of the Engineering Division, it was decided to take 
the matter up with some air conditioning specialists. After conferring 
with several companies a contract was made with the Carrier Air 
Conditioning Company, of Buffalo, N. Y. The plan was to construct 
and install a machine that would automatically condition the air 
before it entered the breeding chamber, flow it into the breeding 
chamber continuously and at a rate that would make a complete 
displacement of the air at least every minute. 

Just recently the air conditioning machine has been installed and 
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it is the object of the writers at this time to present the general arrange- 
ment of the apparatus, the principle of operation, and the moisture 
and temperature records maintained in the breeding chamber. 

The spray chamber shown at A (Plate 1) is nine feet long and is 
provided with nozzle standpipes B, arranged in two groups or banks, 
placed about three feet apart, with the last bank three feet from the 
eliminator plates. The flooding of the eliminators is done by an inde- 
pendent set of nozzles shown at C across the top. These nozzles dis- 
tribute the water over the washing surface uniformly. Valves shown 
at D outside of the spray chamber are provided on each bank of nozzles 
and also on the flooding nozzles over the washing surface, and thus 
either or both banks of nozzles can be closed to regulate the humidity. 
With both banks of nozzles closed, no appreciable increase in humidity 
of the air is produced. With one bank in operation (and the water 
recirculated without being heated) the humidity of the air will be 
increased about sixty per cent. With both banks of nozzles in opera- 
tion, the humidity is increased about eighty per cent. If the water 
is heated the air leaves saturated. The banks of sprays can be opened 
or closed and the temperature of the water also varied as required. 

Two water-tight inspection doors shown at E (Plate 1) are pro- 
vided to allow easy access to the spray chamber. Beneath the entire 
washer and eliminator is a settling tank F, sixteen inches in height. 
A strong frame, built of angle iron, encloses the settling tank, to which 
it is firmly united, making a very rigid and substantial base to support 
the balance of the washer. The tank is provided with an automatic 
float valve, which controls the water supply and maintains a constant 
water level in the tank; an overflow valve G, which connects to the 
sewer and which prevents flooding the tank; a drain valve arranged 
under the bottom of the tank and which connects to the sewer, so all 
the water may be drawn off for cleaning. 

The settling tank is divided into two compartments by a wire cloth 
strainer, through which the water passes before entering the suctio 
of the pump H. . 3 

Connected to the passage just beyond the eliminator chamber is the 
air suction fan shown at K (Plate 1) propelled by a steam turbine L. 
This fan draws the air through the spray chamber of the air washer 
and humidifier, where it comes in contact with the atomized spray of 
water. The evaporation of a-portion of the spray water humidifies 
the air and the amount thus evaporated depends upon the relative 
temperature of the water. Leaving the spray chamber, the air next 
passes over the washing surfaces of the eliminators and then over the 
stem of a graduated thermostat shown at M (Plate 1) placed in the 
passage just beyond the eliminators, so that it is exposed to the tem- 
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THe HuMIDIFIER AND AUTOMATIC CONTROLLING MACHINERY 


A, spray chamber; B, nozzle standpipe; C, nozzle standpipe over the eliminators; 
D, valve for nozzle standpipe; H, water-tight inspection door; F, settling tank; G, 
overflow pipe; H, double suction centrifugal pump; J, spiro steam turbine with 
direct connected suction pump; J, pot strainer; K, suction fan; L, spiro steam 
turbine; M, graduated thermostat; N, ejector water heater; O, direct acting dia- 
phragm valve; Q, compressed air storage tank; R, reverse acting diaphragm valve; 
S, safety relay; 7, tempering or heating chamber; X, air duct leading from breeding 
chamber to spraying chamber; Z, automatic lubricator. 
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perature of the air leaving the washer, and its expansion or con- 
traction is caused entirely by this temperature, and the variation 
due to its expansion is made to regulate this temperature. The water 
heater of the ejector type shown at N is placed in the suction line 
to the pump. The heater operates like a barometric condenser, so 
that the temperature of the spray water is varied by varying the 
amount of steam furnished to the ejector. 

The diaphragm steam valve shown at O (Plate 1) is placed in the 
steam line which supplies the water heater. The valve is operated 
by compressed air from the graduated thermostat. 

The air compressor shown at P (Plate 2) furnishes compressed air 
to the storage tank Q (Plate 1) at about fifteen pounds pressure. 
The compressor is driven by the same steam turbine L, that drives 
the air suction fan K. 

The reverse acting diaphragm valve shown at R (Plate 1) is nor- 
mally closed, but is opened by compressed air from the tank, passing 
through the safety valve 8. 

This method of control is extremely sensitive, as any variation in 
the air temperature passing over the stem of the graduated thermostat 
produces a change in the air pressure on the diaphragm steam valve, 
causing the valve to partially open or close, thereby producing a new 
water temperature. In only a few seconds this water is sprayed into 
the air, affecting its temperature, giving to it more or less heat in 
accordance with the requirements of the thermostat. This air in 
about one second passes over the thermostat stem, imparting to it 
the change in temperature. 

The air then passes to the tempering or heating chamber T (Plate 1) 
to be heated sufficiently to maintain the required temperature and 
moisture. The heating chamber consists of six double-section steam 
radiators of the vento type, each having a radiating surface of sixteen 
square feet. The radiators are so constructed and so arranged as to 
distribute and heat the air uniformly before it flows into the breeding 
chamber. One or more or all six of the radiators may be used in 
accordance with the requirements of the air. The steam entering the 
radiators is automatically controlled by the graduated thermostat 
shown at U (Plate 2), placed in the breeding chamber. The entering 
air is evenly distributed in the chamber and flows over the stem of the 
thermostat. The expansion or contraction of the thermostat is caused 
entirely by this temperature and the variation due to its expansion is 
made to regulate this temperature. The diaphragm steam valve 
shown at V (Plate 2) placed in the steam line W that supplies the 
steam for the radiators, is operated by compressed air from the gradu- 
ated thermostat in the breeding chamber. The thermostat produces 
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Fig. 8.—Charts showing the moisture and temperature control in the breeding 
chamber from December 21 to 9.00 o’clock December 26, 1914, compared with the 
humidity and temperature in the insectary and outdoors. TJ, temperature; H, 
humidity. 

Nore.—The temperature during the night of December 25 was ten degrees below 
zero. This air was brought directly into the spray chamber and in less than three 
seconds was passed into the breeding chamber at a temperature indicated. by the 
chart. 

LETTERING FOR PLATE 2. 

K, suction fan; L, spiro steam turbine: P, air compressor; 7’, tempering or heating 
chamber; U, graduated thermostat; V, diaphragm steam valve; W, steam line; 
Y, air duct leading from heating chamber to the breeding chamber; Z, automatic 
lubricator. 
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a change in the air pressure on the diaphragm steam valve, causing 
the valve to partially open or close, thereby controlling the tempera- 
ture of the heating chamber. 

The breeding chamber (Plate 2) consists of a double glass-walled 
room, six feet wide, eight feet long, and seven feet high, with a small 
entering vestibule. A complete change or displacement of the air in the 
breeding chamber is produced every minute, the air flowing out at the 
bottom of the chamber and entering the spraying chamber by means 
of a large air duet shown at X. The outside air may also be brought 
in by means of a large air duct which comes in from the outside and 
enters the same chamber as the air duct coming from the breeding 
chamber. | 

We gratefully acknowledge complete support for this undertaking 
from Director W. M. Jardine. We are under special obligations to 
Mr. A. W. Bellomy, assistant in genetics, for much of the work and the 
whole of the supervision of the installment of the apparatus. We also 
desire to express our appreciation of the invaluable services of Prof. 
A. A. Potter and members of his staff in the Engineering Division 
and of Mr. A. E. Stacey, of Chicago, engineer for the Company. 


Mr. T. J. Heapter: Thinking that the members of this Associa- 
tion might be interested in a less expensive apparatus intended to 
control temperature and moisture, I will venture to describe one which 
I have recently devised. It consists of two small heating chambers 
under absolute control. The Freas Electric Incubators .,:ll serve 
well or a cheaper form can be made. Within each of the two cham- 
bers is placed an air-tight glass receptacle. By means of properly 
insulated tubes the two air-tight chambers are connected. By means 
of a faucet pump air from outside the building is sucked through the 
two chambers. In passing through the first incubator the air is heated 
to a given temperature and saturated with moisture by passing it 
through a series of waterfilled chambers. On entering the second 
chamber the air is heated to the temperature desired for the insect 
and given the proper degree of relative humidity. By raising or 
lowering the temperature of saturation, within reasonable limits, 
any relative humidity can be created and maintained. In course of 
rigid tests recently completed, two degrees of humidity were main- 
tained for one week each. In an apparatus such as this the size did 
not permit the use of a thermo-hygrograph and it was necessary to 
resort to a modified form of the dew-point apparatus. If care be 
used in purchasing the chambers, it is possible to secure chambers at 
$100 to $125 a pair. No doubt further mechanical improvement 
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would lower the cost. With six pairs, costing from $600 to $750, 
six different temperatures could be maintained simultaneously and 
the response of an insect to temperature under specified moisture 
conditions determined in a short time. Furthermore, by the exclusion 
of light or the use of artificial light of known composition and known 
intensity, the disturbing influence of variable light could be eliminated. 

The machine just outlined by Mr. Dean seems really to serve a 
different purpose and not to be capable, except as its units are multi- 
plied or modified, of lending itself to the study of insect response to 
temperature and moisture. I say this because the number of cham- 
bers is so small that any close determination of response with it must 
involve the running of the temperature and moisture ranges of a single 
insect in several successive experiments, two degrees of temperature 
or moisture being studied at a time, thus introducing another complex 
variable. This apparatus does, however, provide a means of studying 
insect life-history under known conditions of temperature and moisture. 
It is also possible by use of smaller chambers within the larger ones to 
run simultaneously a sufficiently large number of temperature or mois- 
ture-response experiments to derive reliable. data on which to base 
laws of response. 

Mr. G. A. Dean: In the discussion of the air-conditioning 
apparatus I neglected to state the cost of installing the machine. The 
total cost of the apparatus, including the breeding chamber and in- 
stallation, is from $1,600 to $1,80C. This is not an expensive apparatus 
when you think of controlling the moisture and temperature in two 
large chambers each 6x8x7 feet, or chambers large enough for a 
man to enter and carry on his experiments. The machine, as the 
illustrations show, is built for durability and should last for many years. 

Mr. F. C. Bisnop: I should like to ask Mr. Dean about the 
degrees of humidity. You say you have it at 6C degrees, but could 
you maintain it lower? 

Mr. G. A. Dean: The most difficult control would be a low 
humidity with a low temperature. There would be no difficulty in 
maintaining either a low humidity or a high humidity with a high 
temperature or a high humidity with a low temperature. If you 
want a low humidity with a low temperature, one bank of spray noz- 
zles should be turned off so that the relative humidity of the air passing 
through the spray chamber will be about 60 per cent. The tempera- 
ture of the air will be within one degree of the temperature of the 
spray water. When this air is passed to the heating chamber and the 
temperature raised, the humidity will be lowered. If the temperature 
and humidity are not low enough the air will have to pass through 
colder water; for instance, one could use salty ice water. This water 
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can be used in the spray chamber as well as hydrant water. Bear in 
mind if you know the absolute humidity and temperature of the air 
as it leaves the humidifier or spray chamber, the thermostat in the 
breeding chamber can be set so as to lower the humidity of the air as 
it passes through the heating chamber. Of course, this increases the 
temperature of the air. 

Mr. W. C. O’Kane: I would like to ask Mr. Dean how in summer, 
when the atmosphere is saturated, he is going to maintain a low humid- 
ity in his machine. 

Mr. G. A. Dean: Pass the air through cold water which will 
give it a temperature within one degree of the water and then con- 
dition the air in the heating chamber, by setting the thermostat in 
the breeding chamber so as to heat or expand the air which will reduce 
the humidity. If hydrant water is used I don’t suppose the tempera- 
ture would be much below 60 degrees. There would be no difficulty 
whatever in maintaining a low humidity with a high temperature. 

Mr. W. C. O’Kane: With a low temperature and low humidity. 

Mr. G. A. Dean: You cannot get a temperature.in summer 
lower than the water used in the spray chamber. If a. temperature 
lower than the hydrant water is desired you must use ice water or even 
salty ice water. This will give you a low temperature, say perhaps 
thirty degrees. Then if this air is heated, say to sixty or seventy 
degrees in the heating chamber, it will be expanded and, of course, the 
humidity will be lowered. It should be remembered that the appara- 
tus is so constructed as to use the air from the breeding chamber, 
which will enter the spray chamber already partly conditioned. 

PRESIDENT H. T. FERNALD: We will now listen toa paper by Dr. 
Howard. 


NOTES ON THE PROGRESS OF ECONOMIC ENTOMOLOGY 
By L. O. Howarp 


When General W. G. LeDuc took office as United States Commis- 
sioner of Agriculture July 1, 1877, just 37 years ago, the annual appro- 
priation to the Department was $174,086.96, and there were 77 
employees. The Department was in the main a statistical, correspon- 
dence and seed distribution bureau. Virtually no research was being 
carried on. The entomologist, with one assistant only, was engaged 
almost entirely in the general museum work of the Department. In 
the country at large there were no state experiment stations, and but 
three state entomologists, Riley in Missouri, Thomas in Illinois, and 
Fitch in New York, the last past his days of work. There were prac- 
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tically no teachers of entomology. Hagen had a few students at Har- 
vard, but did not touch on the economic aspects of the science; Com- 
stock was just beginning to teach at Cornell; Burrill was giving a few 
lectures out west, and Fernald was soon to begin at Orono. 

When Doctor Houston took office as Secretary of Agriculture July 1, 
1913, the annual appropriation to the Department was practically 
eighteen millions of dollars ($17,986,945) and there were 14,478 employ- 
ees. The Department had become the greatest research organiza- 
tion in the world. ‘The appropriations for entomology were $742,210. 
The entomological service had become a large Bureau with about six 
hundred employees of whom more than two hundred were scientifically 
trained experts. Every state had its competent agricultural experi- 
ment station with a force of entomologists. Practically every state 
had also its agricultural college with teaching in general and economic 
entomology. In California there were even County Entomologists, 
and Boston and Philadelphia had their City Entomologists. 

In a way the wonderful general increase in agricultural research and 
agricultural endeavor had carried economic entomology along with it. 
The passage of the Hatch act and the consequent founding of the state 
experiment stations were responsible at once for a great increase in 
the number of working entomologists, while in immediate succession 
the introduction of the gipsy moth into New England, the appearance 
of the San José scale in the east, the march of the cotton boll weevil 
into the southern states, and the discovery of the carriage of disease 
to man and animals by insects, have made the importance of entomo- 
logical work greater and greater. It is no wonder that the country 
rose to these emergencies; that Congress and the legislatures have 
given large appropriations, and that by virtue of the successful in- 
vestigations of our rapidly increasing group of entomological workers, 
the United States has already gained a commanding position among the 
nations of the world in this branch of applied science. 

It is not generally realized, except among a limited group of teachers, 
just how this extraordinary advance in a few years has influenced the 
number of students seeking information on economic entomology at 
the different institutions, nor just in what way it has influenced the 
character of the instruction. The present year in six of the leading 
agricultural colleges where most attention is paid to economic ento- 
mology, there are 1531 students in entomology and 51 teachers of en- 
tomology. These institutions are the Ohio State University, the 
University of California, Cornell University, the Massachusetts Agri- 
cultural College, the University of Illinois and the University of Ne- 
braska. These six I have chosen because they have the largest num- 
ber of students in this line, but in every agricultural college in the 
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country sound teaching is going on. In the south, at Clemson College, 
S. C., at Auburn, Ala., at Baton Rouge, La., and at College Station, 
Texas, and elsewhere, there are numbers of students and excellent 
courses. Inthe northwest it isthe same. At Wisconsin there are 103 
students and five teachers. Inthe small college at Bozeman, Montana, 
there are 27 students. The men in charge of these different depart- 
ments are all practical men. Most of them, in fact I think all of them, 
are primarily economic workers. Many of them have been and are 
still connected with the state agricultural experiment stations. Some 
of them have been connected with the force of the Bureau of Ento- 
mology of the United States Department of Agriculture. Several of 
them are still collaborators of the Bureau. It follows that these men 
know the economic problems which confront us, and that they have a 
broad knowledge of what is going on, not only in this country but in 
other countries; and it follows further that the instruction which they 
give is that best designed to bring practical results. Moreover they 
are a harmonious and cooperative body of men. They all belong to 
the Association of Economic Entomologists, which, through its annual 
meetings and its standing committees is constantly facilitating such 
cooperation. All of these men are keen to grasp new ideas and are so 
non-conservative as to methods of teaching that they will at any mo- 
ment introduce new features and new methods. 

In its international aspects, economic entomology is developing 
with great rapidity and will continue to do so. The Association of 
Economic Entomologists early elected to its membership practically 
all of the official entomologists of foreign countries, which brought 
about a universal exchange of publications and frequent correspon- 
dence. This has led to visits to America by many foreign entomolo- 
gists, and many of our own men have gone abroad, so that personal 
relationship has brought about friendships and mutual aid. There 
are constant visits to this country on the part of younger men from 
other countries, for study in the different lines of economic entomology, - 
and the Imperial Bureau of Entomology of Great Britain has, with Dr. 
Andrew Carnegie’s financial aid, founded a series of scholarships in 
economic entomology which brings several specially selected young 
Englishmen to this country each year to study in the Bureau and at the 
colleges and experiment stations. There are six of them in the United 
States at the present time. They all want to go back to take part in 
the war, but their government will not let them do so. All this will 
bring about in the near future an increase in the solidarity of interests 
and information and mutual helpfulness which already exists among 
the economic entomologists of the whole civilized world. Each new 
idea is and will be almost instantly known to all and speedily tested in 
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every climate and under all sorts of world conditions. Important 
parasites found in a remote region will not have to be carried immense 
distances in the future, but will be relayed from one country to another, 
a generation or so reared at each stop and then sent on. 

The passage of the Federal Horticultural Law in 1912 has brought 
us into the closest relationship with the plant inspection services of 
other countries, and last year at a congress in Rome an effort was made 
to harmonize laws and to bring about comparatively uniform systems 
by the different countries. This is a movement which will gain force 
in the future. One of the more trivial and unconsidered aspects of 
the present war is its effect on inspection services. Of course shipments 
of plants and plant products from the countries engaged are almost 
entirely at a standstill, but arrangements have been made by our au- 
thorities to accept Holland’s certificates for Belgian shipments, and 
the other day I received a note from the French Ambassador stating 
that his government had cabled him on behalf of Dr. Paul Marchal to 
the effect that the French inspection service will be carried on to the 
best of his ability under the circumstances. 

How the entomological problems of the future will be met can only 
be guessed at, but the work of the past few years has greatly increased 
our belief in the necessity for the most thorough biological study of 
every injurious form. So many instances have occurred with species 
whose life history was apparently well understood and whose behavior 
was also thought to be known but which have been found under inten- 
sive study to possess unexpected points of attack, that the importance 
of the closest study of every species from every point of view has be- 
come very evident. The trend is towards intensive study of every 
phase of the insect’s existence. 

Since we have built up in this country in these past twenty or thirty 
years such a very respectable branch of knowledge which we have 
termed “economic entomology” or ‘‘applied entomology,’ we are 
naturally proud of our accomplishment and anxious to see the good 
work continue in the same general way and under the same name. 
But there isa tendency now to break into the solidarity of our branch 
of science and to unite us with the plant-disease people under the term 
““phytopathology”’ in so far as insects affect plant life, and with the in- 
ternal parasite people, under the term “parasitology,’’ where insects. 
directly affect man or animals. I think that economic entomologists 
should resist this tendency. The term ‘‘phytopathology,” in this sig- 
nificance, apparently originated in Germany. Perhaps for the reason 
that at the time there were practically no economic entomologists in 
Germany, there was no protest, but when the European San José scale 
scare occurred in 1898 and an inspection service was started in that 
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country to prevent the incoming of this dreaded insect, a plant disease 
man was put at the head of the service, a curious anomaly which prob- 
ably might not have occurred elsewhere. It is true that an entomol- 
ogist was appointed under this person, but the service suffered. The 
term “phytopathology”’’ should be restricted to plant diseases, and 
many Germans themselves believe this. A society of economic ento- 
mologists, on the plan of our own association, was founded in 
Germany last year, and, through its efforts and increasing importance, 
it is likely that the encroaching botanists will be held in check. It is 
perhaps of sufficient interest to state that the congress which was 
called at Rome last year to consider inspection services was called a 
phytopathological congress although it was distinctly understood that 
the function of the congress was to consider questions relating prin- 
cipally to the prevention of international transportation of injurious 
insects. The United States sent no delegate to this convention, but 
did send a letter urging that future congresses of the same nature 
should be termed congresses of economic entomology and phyto- 
pathology. 

It is very obvious that plant pathology and economic entomology are 
unrelated in their basic principles. Their successful study requires from 
workers absolutely different training and wholly different technique. To 
combine them into one service would be impracticable, except as units 
of a large agricultural institution. To combine them under one name 
as a branch of agricultural science is absurd ! 

The second term, “parasitology,” has perhaps a better justification 
than the other, but the questions relating to the damage done by in- 
sects to man and domestic animals is competently handled by the 
economic entomologists familiar with the whole range of entomological 
activity. Why take a protozodlogist or a helminthologist and make 
him learn all about the insects that affect animals in order to become a 
parasitologist, when the men who have always worked at economic 
entomology are handling the same questions under another term? In 
our entomological proceedings and in our entomological journals and 
our entomological reports all matters relating to insects are brought 
together. Why put entomological material together with a lot of 
plant disease material into a publication entitled phytopathology, 
and why mix up a lot of entomological material with a lot of other 
material on worms and the like in a publication called parasitology? 
And after a branch of applied science has been so well grounded and so 
successfully carried on under a comprehensive and at the same time 
exact term like “economic entomology,’”’ why try to confuse matters 
and break into a field so well defined and so successfully organized? 

Both terms have come to us from Europe, and the attempt to in- 
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troduce them into this country has been made by Americans who have 
studied under European masters. It seems to me, however, that the 
term “economic entomology,” or “applied entomology,” is more likely 
to take a firmer hold in Europe than is the term ‘‘phytopathology,” 
in this significance, to gain ground in this country, and that will mean 
that internationally the term ‘‘economic entomology”’ as applying to 
the whole field will be generally adopted. 

That side of economic entomology which relates to the carriage of 
disease by insects has been aptly termed “medical entomology,” and 
is best carried on by trained entomologists. The truth of this state- 
ment is probably self-evident, but if a convincing argument is needed, 
it will be found in Hunter’s admirable address on medical entomology 
before the Twenty-fifth Annual Meeting of the Association of Eco- 
nomic Entomologists (JoURNAL oF Economic Entomo Loey, February, 
1913, pages 27 to 38). It isin this field of applied entomology that we 
must perhaps look for the greatest advances in coming years. 

And now at the close of 1914, after considering the results already 
achieved, and with a knowledge of the investigations under way and 
of the men who are handling them, with the sound instruction which 
is being given in two score institutions of learning, with the hundreds 
upon hundreds of clever students, many of whom will make this field 
their life work, it is impossible to avoid the conclusion that we are car- 
rying on and will continue to carry on a winning fight against the 
greatest enemies of the human race. 


Mr. C. Gorpon Hewitt: I would like to express my great appre- 
ciation and full concurrence with all that Dr. Howard has said in this 
most admirable brief résumé of the present position of economic 
entomology. I want to say for my own part that I am entirely in 
sympathy with the remarks of Dr. Howard in the latter part of his 
address where he spoke of merging economic entomology and plant 
pathology under one head. Dr. Howard has pointed out that the mis- 
use of the term originated in Europe. For many years there were not 
in Europe economic entomologists of the same training and standard 
as we have here and often the plant pathologist and economic ento- 
mologist were one and the same person and the work was included 
under the same head, particularly on the European continent. I am 
very glad, indeed, that Dr. Howard has pointed out the importance of 
keeping entomological work separate, because I think we ought to take 
a firm stand at this time when there is still a tendency in certain quar- 
ters to include entomology under the term phytopathology. While- 
we all realize that our work is very intimately associated with plant 
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pathology, just as it is also with bacteriology, it is nevertheless neces- 
sary to keep it absolutely distinct. 

Before sitting down, I should like to publicly express my hearty 
thanks to Dr. Howard and to the members of the Bureau and also to 
entomologists in the United States—for their hearty codperation with 
us in our workin Canada. _ I realize more than anyone else the necessity 
of our work being international in scope and character. ‘The inter- 
national boundary is not recognized by our governments in a military 
manner and as insects do not recognize such political frontiers, we shall 
succeed best in our efforts by the closest codperation over the whole 
range covered by the insects we may be endeavoring to control. 

Mr. E. P. Feit: It is unnecessary to discuss Dr. Howard’s paper, 
because he has given us a most admirable summary; but. I think, 
speaking for myself and probably for other members of the Associa- 
tion, that we all heartily indorse Dr. Howard’s position. 

PRESIDENT H. T. FreRNaLp: I have been very much eee 
in Dr. Howard’s remarks and heartily agree with him on every point 
which he has made—in fact, the paper was so conclusive that I ques- 
tioned in my own mind if there would be the possibility of much dis- 
cussion on lines where we were all certainly so much in hearty agree- 
ment with the positions he took. | 


Report of the Section of Apiary Inspection 


The third annual meeting of the Section of Apiary Inspection was 
held in Philadelphia, Monday evening, December 28, 1914. Inspec- 
tors were present from ten different states. Reports of progress being 
made in apiary inspection work were given by all inspectors present. 
It was reported that efforts are now being made by several states to 
have a new apiary inspection law passed. Two states reported failure 
on the part of their legislators to make appropriation for apiary in- 
spection but stated that the mistake would probably result in larger 
appropriations at the next session. Reports from other states indi- 
cate increasing appropriations for this kind of work. 

Dr. E. F. Phillips reported that he had on hand an unexpended 
balance of $14.25, left from membership dues received from members 
of the Association of Official Apiary Inspectors of the United States 
and Canada which was organized December, 1911, at Washington. 
After this association affiliated with the Association of Economic 
Entomologists as the Section of Apiary Inspection, it was impossible 
for eleven of these members to become members of the section because 
they were not entomologists. Dr. Phillips proposed that membership 
dues be returned to these eleven men and that the balance of $3.25 
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be turned over to the Secretary of the Association of Economic En- 
tomologists. The Section expressed its approval of this plan. 

Dr. E. F. Phillips, of Washington, D. C., was elected Chairman and 
N. E. Shaw, Columbus, Secretary, for the coming year. These: selec- 
tions were recommended to the nominating committee of the Associa- 


tion of Economic Entomologists. 
N. E. SHaw. 


ADDRESS OF THE CHAIRMAN 


By Witmon NEWELL, College Station, Texas 


The Section of Apiary Inspection is ‘a comparatively recent devel- 
opment in the Association of Economic Entomologists. This body 
was formally organized in Washington, D. C.,in December, 1911, under 
the name of the ‘‘Association of Official Apiary Inspectors of the 
United States and Canada.’’ A year later, at the Cleveland meeting, 
it affiliated with the Association of Economic Entomologists and re- | 
ceived the rank of a section. A short but interesting program of the 
section was held at the Atlanta meeting a year ago. 

The work of the economic entomologist is mainly one of ‘conserva- 
tion. It is his province to provide methods of protecting crops, fruits, 
etc., either in the course of their production or after they have been 
harvested. The conviction that this constituted the sole field of the 
economic entomologist was so firmly fixed that even the entomolo- 
gists themselves did not regard the study of wealth-producing insects, 
such as the honey-bee, as a legitimate part of their work. 

However, it must be conceded that the study of beneficial insects 
of every kind constitutes economic entomological work just as surely 
as does the study of injurious forms. 

It was but appropriate, then, that entomologists, onan somewhat 
tardily, should turn their attention to the development of the bee- 
keeping industry and to the problems connected therewith. Six Ex- 
periment Stations, Minnesota, lowa, Massachusetts, Oklahoma, Texas, 
and Ontario, Can., now operate experimental apiaries for the devel- 
opment of better methods of beekeeping and the Bureau of Entomology 
at Washington has done much in recent years to bring the beekeeping 
industry into the prominence which its importance merits. 

The most important phase of this work has been the protection of 
bees against infectious and contagious diseases and many states now 
maintain, through their state entomological departments, an efficient 
apiary inspection system, not unlike the older system of nursery-and 
orchard inspection. In states where this work has been in other hands 
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there is a growing inclination to transfer it to the entomological de- 
partments. This branch of entomological work is each year becoming 
of more and more importance and it is most appropriate that our 
program this evening should have as its opening number a report of 
progress from the various states. 

The addition of apicultural inspection to the Afeads heavy load 
of duties carried by the average economic entomologist has presented 
many new problems in efficiency. For example, the task of keeping 
adequate records, often with insufficient clerical help, without seri- 
ously hampering other lines of entomological work, is one which has 
been faced by most of ourmembers. Proper correlation of the field 
work with that of the office also presents new questions for solution. 
A knowledge of the distribution of bee diseases, and the means by 
which they are disseminated, is of the utmost importance to the 
aplary inspector, for he who knows from whence the enemy is. ‘to come 
is more than half prepared to meet him. 

These questions are to be discussed this evening by nas who 
have not only given them long and careful consideration but who, 
by experience, have tested their own methods and found them not 
wanting. 


THE DISTRIBUTION OF AMERICAN AND EUROPEAN 
FOUL BROOD IN THE UNITED STATES 


By E. F. Puiiuirs, Washington, D. C. 


(Withdrawn for publication elsewhere.) 


2 


A SIMPLE RECORD SYSTEM FOR APIARY INSPECTION 


By W. E. Brirron, New Haven, Conn. 


In Connecticut, the first- apiary inspection law was passed by the 
legislature of 1909, but the measure went into effect so late in the 
season that no actual inspection work could be done before the sum- 
mer of 1910. As the law provided that permanent records open to 
public inspection should be kept on file in the office of the State En- 

tomologist, we were obliged to devise a system to meet the fot: 
ments of the situation. 

Inspection reports filled out in the field are apt to become soiled and 
lack uniformity; names and addresses of beekeepers often vary in 
different reports; the writing is usually done hurriedly so that the 
reports are hardly suitable for filing as permanent records. Afte; 
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giving some study to the matter the following system was devised, 
and has been in use ever since. Though perhaps not perfect, it is both 
simple and flexible, and has been found satisfactory. 7 

The permanent office records are kept on ruled 5 x 8 inch eards. 
Each line holds the records of a year, and each card will answer for 
about fifteen years. 

At the top of the card is typewritten the name and address of the 
beekeeper, care being taken to give accurately the name of the town 
and the mail address, which are often different near town boundaries 
and especially on rural free delivery routes. 

The card is then cross-ruled and divided into twelve vertical col- 
umns with printed headings as follows: Date of Inspecton; Number 
of Colonies; Diseased with Foul Brood—American, European; Treat- 
ment Given; General Condition of Apiary; Date of 2nd Inspection; 
Condition at Time of 2nd Inspection; Experience in Beekeeping; 
Quarantine—Placed, Lifted; Name of Inspector. 

These permanent records cards are filled out by the clerk in the 
office from the inspector’s reports which are generally sent:in once a 
week or perhaps twice a month. The inspector’s report blanks con- 
tain: Name of Beekeeper; Town address; P. O. Address; Number of 
. Colonies in Apiary; Number with Foul Brood (American or European); 
Other Troubles; Owner’s Experience; Treatment Given; Date of In- 
spection; Date Quarantined; Date Released; Certificate Granted; and 
Name of Inspector. These are made up in booklets each containing 
50 solid white pages for the originals, and alternating with them are 
50 yellow sheets for the carbon copies. The yellow sheets are per- 
forated and are torn out and sent to the office and the data copied 
upon the permanent record cards. . ; 

The record cards are punched for the round center rod, and are 
made out in duplicate, one set being arranged by towns and the other 
alphabetically. 

For convenience in readily looking over the work of the season 
during its progress, each card in the town index on receiving a new 
record is marked at the top by one of Smith’s steel signals. If the 
aplary was not found diseased a light blue signal is used. If foul brood 
of either kind is found in an apiary the card is marked with a light 
red signal. These signals show at a glance, the total number of in- 
spections recorded for the year, the number in each town and the ratio 
between healthy and diseased apiaries. Before beginning the next 
season’s work or after the year’s report has been prepared, these sig- 
nals are removed. Their legitimate use will often save much time, 
especially where it is otherwise necessary to examine every card in the 
index to acquire the needed information. 
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Some may object to this system on account of the possible danger 
of error in transcribing the data from the inspector’s report to the per- 
manent record cards. I believe that this is not a valid objection. Of 
course it means more work in the office, but the records are in so much 
better condition than they could possibly be if made out in the field 
that I believe that the extra labor is warranted. 

Our chief mistakes usually occur in the names and addresses on the 
inspector’s reports and we write to the inspector at once and the 
correction is made. Thus the copying record system really serves as 
a check on the reports of the inspector. 


INSPECTION AS A UNIT IN THE MASSACHUSETTS 
APICULTURAL SERVICE 


By Burton N. Gates, Amherst, Mass. 


The apicultural work of Massachusetts, although it is new, is some- 
what peculiar in that its several phases are centralized in one office. 
These are administered, however, under separate appropriations and 
by separate boards, or directors. The work of the State Board 
of Agriculture is specified by law as apiary inspection, and under 
this heading I will explain its several features. The Agricultural 
College work is divided into several parts. There is the apicultural 
work for regularly enrolled college students; investigational work for 
the Experiment Station; and several types of apicultural extension 
authorized and directed by the Extension Service. Besides these 
‘several groups, there is aconsiderable amount of both state and national 
associational detail which passes through the office. Schedules and 
programs for meetings and field days, the preparation of propaganda 
and news items may be mentioned by way of illustration. 

Since the writer is frequently called upon to explain the organization 
of the beekeeping work as a whole, it may be well to mention first its 
scope under the heading of the College. 

CoLLEGE.—To the regularly enrolled students, there are offered 
at present two courses. The first, intended primarily for juniors, is a 
general course, attempting to ground the student in the fundamentals 
of the subject. The second is primarily a senior course, and is intended 
to take up more special phases of the subject. It gives also an inkling 
of some of the larger problems confronting students of beekeeping, 
which require experimentation and affords some opportunity to acquire 
familiarity with experimental method. 

Mvseum.—In connection with the teaching, there is maintained a 
beekeeping museum where already there have accumulated hundreds 
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and perhaps thousands of specimens, illustrative of natural history, 
aplarian products and equipment, both foreign and domestic. The 
purpose of the museum is to afford an opportunity for comparisons, to 
develop or stimulate improvements, for example adapted to a special 
purpose. Likewise, it shows up inferiority in mechanisms and devices, 
brands of supplies and products. Those persons of an inventive tem- 
perament are at liberty to compare inventions of the best and benefit 
accordingly. Perhaps this is more important than the accumulation of 
natural history material which is the more common purpose of a 
museum. 

Liprary.—There is being accumulated also a beekeeping library 
aside from the author’s collection. It is found desirable to gather and 
preserve the transient periodicals as well as supply-catalogs and lists. 
Such material is especially valuable to the research student. 

Tue ApiaARy.—An apiary on a substantial and practical basis is a 
new feature in any college. Heretofore, agricultural colleges have 
shown but a passive interest in maintaining bees. ‘Therefore the 
development of a demonstrational, yet practical working apiary, has 
required the working out for the first time, of a great many new fea- 
tures. Some of these as planned, and yet but partially practiced, 
aside from the keeping of fifty colonies of bees, are the bee garden where 
it is hoped to demonstrate some of the more important honey plants; 
and the workshop where hive. construction is taught. In teaching the 
construction and building of hives, while it might not readily be pre- 
sumed, the fundamentals of hive utilization are also brought forth. 
There is the honey room with its extraction equipment. Besides this, 
there will be developed a bottling equipment upon the most approved 
principles. The wax rendering laboratory is also another feature. 

This is partially an item of the Extension Service, yet it is maintained 
apart from it. Its origin is recent and at first it was designed merely 
to demonstrate the principles of handling wax. Later it was found 
that vast quantities of old comb were being burned up by the bee- 
keepers throughout the State. As a unit of the inspection service, it 
then became desirable to salvage these combs rather than to destroy 
them. Plans and facilities were prepared so that now beekeepers are 
at liberty to send their scrap wax and old combs to the College for ren- 
dering, at a slight cost. Naturally the more improved equipment of 
the institution obtains a higher percentage of wax than the beekeeper 
can get. It saves him then, both wax and labor, and reduces his costs. 
Already (and the wax rendering service has been in operation but a 
few months) the value of the wax rendered approaches one thousand 
dollars. This is an important advance, moreover, in the central- 
service-station idea. 


February, 715] GATES: MASSACHUSETTS APICULTURAL SERVICE 25 


EXPERIMENT STATION.—The work for the Experiment Station need 
not be dwelt upon. Naturally it falls into the well-defined policies of 
such an institution. At present one of the problems concerns beeswax, 
an effort being made to determine the amount of wax in combs of dif- 
ferent types, to the end of improving extraction processes. A number 
of other experimental problems are also in hand. 

EXTENSION SERVICE.—For the extension service, the work may be 
grouped under short courses, conventions, fairs, itinerant schools and 
correspondence course. The extension work in beekeeping is so 
essentially new that efforts thus far are in nature experimental. The 
value and importance of extension schools is now proven. The itin- 
erant school, however, has not yet been tried. The first will doubtless 
be held early in the spring of 1915. For several years, however, short 
courses have been given. These started with a special two-weeks 
beekeepers’ school. This was essentially a cram course, the students’ 
entire time being devoted to the one subject. The work consisted of 
lectures, demonstrations, laboratory work and excursions. At the 
end of two weeks, a convention for one or two days at which prominent 
aplarists and lecturers were in attendance, was held. This kind of a 
course, however, has its limitations, and in some ways the ten-weeks 
winter school in beekeeping has proven more desirable. It is given in 
conjunction with other subjects, as, for instance, poultry keeping, 
horticulture, or pomology, and is directly correlated with the trend of 
the student’s work. This course is terminated by Farmers’ Week, 
during which there is a Beekeepers’ Day. It is one of the convention 
days in beekeeping for the State. 

For the first time, in the fall of 1914, the Extension Service offered a 
beekeeping exhibit for fairs. A ton or more of material has been cased 
and prepared for this exhibition purpose; it has been found to meet 
with decided approval among the people of the State. Besides a 
static exhibit of hives and implements, natural history specimens and 
the like, there is a dynamic feature, namely, the display of bees and 
queens, together with demonstrations of the handling of bees. It is 
needless to say that such a feature is more or less sensational, yet it 
has a definite educational value. Aside from the demonstrational 
work at fairs, there have been held special demonstrations to meet 
local conditions, which might be termed emergency field days or 
conventions. This phase of apicultural extension is of decided worth 
and is capable of considerable expansion. It takes the College directly 
to the beekeeper. 

THE State BoarpD oF AGRICULTURE: APIARY INSPECTION.—Aplary 
inspection is by no means the least important of the State’s duties to 
the beekeepers. As might be inferred in Massachusetts, it forms an 
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integral part of the whole. The inspection work, however, is not 
disassociated from the work at the College any more than the con- 
verse is true. The work of the state being a unit requires that all 
its features be interlocking; the College helps the inspection work and 
the inspection is essential to the college. . 

At present the law allows but four inspectors, three of whom are 
deputies, with an appropriation of $2,000 per annum. This is de- 
cidedly inadequate to satisfactorily meet the demands. ) 

INSPECTION Poticy.— Massachusetts, like most New England states, 
is exceedingly conservative. The beekeepers are zealous in demanding 
attention; therefore they cannot be skipped. It-has been found that 
to go into any one locality and visit only a few of the beekeepers there, 
brings down a rain of complaints from the other beekeepers. Conse- 
quently the policy of inspection in Massachusetts is slightly different. 
from that in some states, where it has been advocated that only such 
apiaries be visited as are known to be diseased or of enough commer- 
cial importance to warrant inspection. Directly opposed to this policy, 
Massachusetts inspection has been an apiary to apiary canvass, start- 
ing with a center or focus of infection. Gradually the inspector en- 
larges his territory from this central point by concentric circles, until 
the limit of infection is found. A map of the inspection work would 
show that relatively well-defined areas of infection occur. Of course 
there are some few scattering cases, which are gradually checked up. 
That this method applies in Massachusetts has been proven from the 
demands of the beekeepers and from the decrease of infection in given 
localities. I take, for illustration, the county of Berkshire, where 
beekeeping prospers particularly, and where, being against New York 
State, infection with European foul brood in 1910 and 1911 was very 
general. The beekeepers, too, were discouraged. They thought dis- 
ease had come to stay. Now the disease is on the wane and _ bee- 
keeping is on the climb. Apiaries are being enlarged. Moreover, 
beekeepers are of a better and more earnest type, as might be ex- 
pected. The shiftless, let-alone beekeeper has had to go. A few more 
years doubtless will show greater improvement; poy the present status 
may be learned from the table below. 


CoMPARATIVE TABLE, SHOWING THE BEE-DISEASE STATUS 
oF BERKSHIRE County, Mass., In 1914 


A piaries Colonies 
Visited Infected Examined Infected* 
1911 154 70 or 45% 980 439 or 48% 
1914 179 25 or 14% 1028 12 or: 1% 


*Entirely European foul brood in this County. 
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From this table it will be seen that of the apiaries visited in 1911 
and 1914, the percentage of infected apiaries has dropped from 45 
per cent to 14 per cent. Likewise, from the standpoint of the individ- 
ual colonies, the percentage of infected colonies has dropped from 48 
per cent to 7 per cent. This has a further significance in that there 
is an increase in the number of colonies which, though slight, must be 
interpreted with reference to the elimination of the smaller and less 
prosperous beekeepers. Some of the largest apiaries in the county 
showed in 1914 no-disease whatever, although these yards were in 
sad condition previously. 

Similar indications of improvement, even to the extent of exceeding 
the most optimistic anticipations of the beekeepers and inspectors, 
might be cited for other parts of the State. It should be acknowledged, 
however, that there are still some rather seriously infected localities, 
which it has been possible to reach only after the elimination of in- 
fection in territories already under subjection. 

The writer is frequently asked. to mention the more important fea- 
tures which have tended toward efficiency in Massachusetts inspection. 
They may be listed. 

Recorps.—The record cards are individual for eh chi aplary and bee- 
keeper in the state. Being of the loose-leaf principle allows them to 
be kept as a vertical file. The record cards are issued directly to the 
inspectors when routing their territory. Thus the inspector has be- 
fore him the complete history of each yard or apiarist and of every 
transaction concerning both, even to knowing whether he has bought or 
sold bees within or without the State. Complete records have repeat- 
edly proven of inestimable service. In the long run they will also 
afford a comparative statistical study of the State. The inspectors 
are required to fill in data concerning spring count, winter loss, number 
of colonies examined, diseased, etc. It takes but little time to record 
such, but it is required that the entries be made on the premises at the 
time of inspection, and not later transcribed from a notebook. As 
soon as the inspection of a town is completed the records are returned 
to the office, where they are kept on file. Information gained by in- 
spectors is held as confidential. | 

Report Carp.—The inspectors have found a report card, which they 
term the “clean up” order, of considerable advantage. This is a 
printed form which when signed, causes the beekeeper to promise that 
he will obey the instructions of the inspector, either to clean up an 
unsanitary apiary, or to treat or destroy infected colonies, before a 
given date. It further provides that the beekeeper shall notify the 
office of having fulfilled these instructions. Space is afforded for the 
beekeeper to indicate his desire for publications which will be sent from 
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the office, upon receipt of his request. The detached portion of the 
“clean up’’ order, which is left with the beekeeper, he should mail 
to the office upon completion of his work. It bears a few practical 
suggestions concerning disease. 

INTERSTATE SHIPMENTS.—One of the particularly advantageous 
features is the control of interstate shipments. The legal provisions 
are that no colonies upon combs may be shipped into the state from a 
state where there is an inspector unless their healthfulness is certified 
by a state apiary inspector. This limits an objectionable policy, 
which has been termed the ‘‘dumping”’ of disease into Massachusetts. 
From states where there are no apiary inspectors, stock is received with- 
out certificate, but the recipient is expected to notify the mspector 
of apiaries of its arrival, thus enabling a subsequent inspection of the 
stock. Only one addition would be recommended, namely that 
transportation companies be obliged to notify the inspector of the 
arrival of all stock from without the State. It has been said that 
in so legislating, Massachusetts has placed an embargo upon bees, 
but this cannot justly be maintained because legitimate shipments 
are provided for. In watching the practicability of this feature of 
the law, it has been noticed that beekeepers have been less imposed 
upon than perhaps they would have been otherwise. No complaint, 
but rather approval is made by the beekeepers of the state. There is 
less likelihood, moreover, that the conscientious work of inspectors 
may be upset through some careless shipment of diseased stock. 

QUARANTINE SystmemM.—Formerly it was not customary for states to 
quarantine apiaries found to be infected. This is now more general 
and need not be dwelt upon, except to say that it is an indispensable 
feature of an inspection law. It protects not only the inspector, who, 
by an unscrupulous beekeeper might be misled or deceived, but it also 
protects the well-meaning beekeeper and limits the person of ill-intent: 
It also holds infectious materials on the premises where found until 
they have been properly and satisfactorily disposed of. Moreover, 
it is not without its moral advantage in stimulating beekeepers to watch 
out for the occurrence of disease, which, when they are conversant, 
they may treat before the inspector arrives, thereby obviating quaran- 
tine. Morally, too, it stimulates prompt treatment of a quarantined | 
apilary. 

Forms.—Summarily, there are five forms used by the inspectors 
(the record card, which is good for a period of eight’ or ten years; the 
quarantine blank and the release blank; the ‘clean up” report used in 
unsanitary apiaries; and the report used in apiaries in which there is 
found infection). The writer will gladly send specimens of these 
forms to inquirers. 
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Proceedings of the Thirteenth Annual Meeting of the 
American Association of Official Horticultural 
Inspectors 


The Thirteenth Annual Meeting of the American Association of 
Official Horticultural Inspectors was held in Philadelphia, Pa., Decem- 
ber 29 and 30, 1914. 

The first session was held in the parlors of the Hotel Walton, and 
was called to order at 8.00 p. m. by the Chairman, W. E. Britton, 
with J. G. Sanders, Secretary. , 

The second session was called to order at 10.00 a. m. Wednesday, 
December 30, in the Veterinary Building of the University of Penn- 
sylvania. | 

Upwards of 75 inspectors and visitors were present at each session, 
including several members of the legislative c »mmittee of the American 
Association of Nurserymen who were invited to attend the meetings 
of the inspectors for our mutual benefit. 

The following program was presented at the two sessions of the 
meetings: 


PROGRAM 


TuEsDAY, DECEMBER 29, 1914—8.00 P. M. 


. Address of the Chairman, W. E. Britton, New Haven, Conn. 

2. Important Insect Pests Collected on Imported Nursery Stock in 1914. 15 min. 
E. R. Sasscer, Federal Horticultural Board, Washington, D. C. ; 

3. Some Recent Insect Importations into New Jersey. 10 min. H.B. Weiss, New 

Brunswick, N. J. 


_ 


Informal Discussion of Question 1 


WEDNESDAY, DECEMBER 30, 1914—10.00 a. m. 


4. Prevention of Rabbit Injury to Young Apple Trees. 45min. E.N. Cory, College 
Park, Md. 

5. The Training of a Nursery Inspector. 15 min. R. Kent Beattie, Federal Horti- 
cultural Board, Washington, D. C. : 

6. The Missouri Inspection Service. 10 min. L. Haseman, Columbia, Mo. 

7. Essentials in Insect Control. (A Plea for Greater Simplicity.) 10 min. T. J. 
Headlee, New Brunswick, N. J. 


Informal Discussion of Questions 2, 3, 4, and 5 


Election of Officers for 1915—Business. 
8. A Model Nursery and Orchard Inspection Law. (Progress Report.) 15 min. 
J. G. Sanders, Madison, Wis. © 
General Discussion led by Mr. Wm. Pitkin, Rochester, N. Y., Chairman of Com- 
mittee on Legislation of the American Association of Nurserymen. 
10 


130 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


QUESTIONS 


1. Should further importation of all nursery stock be prohibited by Federal law, 
except in very limited amount for experimental propagation by the United States 
Department of Agriculture? 

2. What is the proper treatment for scale-infested premises in close proximity to 
nurseries? 

3. Should we require fumigation of all susceptible nursery stock grown in states 
known to be generally infested with San José Seale? 

4. By what means can the standard of efficiency of inspectors be raised? 

5. Should horticultural inspectors furnish a bond? 


SUMMARY OF PAPERS AND DISCUSSIONS 


1. Address of the Chairman. Dr. Britton reviewed concisely the 
early work of inspection of nursery stock and the reasons therefor, 
outlining the method of introduction of the San José scale into 
the United States and more particularly into eastern United States. 
He recounted the various successive steps taken by state authorities 
to safeguard the growing and distribution of nursery stock. The 
quarantine and inspection of imported plant material was also dis- 
cussed and reference was made to the necessity of greater uniformity 
in the inspection laws of the various states. 

2. The paper on “Important Insect Pests Collected on Imported 
Nursery Stock in 1914” by Mr. E. R. Sasscer of the Federal Horti- 
cultural Board, Washington, D. C., provoked considerable discussion 
on the part of the inspectors present. It was urged by the members 
of the Federal Board present that all species of insects and fungous: 
diseases found on imported plant material, even though they be com- 
mon ones, be reported to the Federal Board since full reports are 
valuable in showing laxity of inspection, and ultimately formed a 
general argument against free and promiscuous importation of plant 
material. 

Mr. Rogers asked for a bulletin describing the important pests 
likely to be found on imported plants, believing that such a hand- 
book should be available to all inspectors whose duty it was to inspect 
imported material. 

Mr. Marlatt reported progress on such a bulletin to be published by 
the department of agriculture, which probably would appear in the 
form of a handbook. Over 100 illustrations and much manuscript 
is already submitted and may be published within the next year. 
This publication will also include a treatise on the fungus and bac- 
terial diseases concerned with imported plants, the manuscript for 
which is n course of preparation by Dr. Perley Spaulding. 

Dr. Britton asked for information concerning the recently imported 
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“pine bud moth” to which Mr. Marlatt replied that a preliminary 
paper by Dr. A. D. Hopkins is available. Also that Mr. August Busck 
of the U. S. National Museum is preparing a bulletin on this new 
pest. Mr. Marlatt further stated that the imported species differs 
from the native spruce bud moth in that it works deeper into the twig, 
causing greater damage and the recovery of twigs is rare. It is al- 
ready known from twelve different states although so far it is largely 
a nursery problem. 

Mr. Sasscer reported that there is in course of preparation a list of 
imported pests, arranged according to host, which list will soon be 
issued as a letter of information. 

Mr. Schoene stated briefly that there seemed little actual necessity 
for promiscuous importation from Europe of our own native species of 
plants or of species easily grown here. 

3. In the paper on “Some Recent Insect Importations into New 
Jersey,’’ H. B. Weiss, New Brunswick, among other pests, reported 
the finding of Argentine ants in a shipment from Germany in green- 
house plants, the certain identification of which was made by Dr. 
W. M. Wheeler. It is also reported that 198 egg masses of Gipsy 
Moth had been found at Rutherford, N. J., where the infestation has 
continued for two years or more. Immediate and drastic measures 
were carried out and it is believed that New Jersey is now freed from 
this pest. 

Question 1 of the program was discussed at length during the remain- | 
der of the session. This discussion brought forth opinions from the 
various Federal and State Inspectors present, as well as from the 
nursery men who were in attendance at the meeting. Summarizing 
the discussion, it was the general opinion of the majority present that 
certain prohibitions on the promiscuous importation of plants could be 
made without seriously hampering the nursery trade, particularly if 
a certain date was set a year or two in advance after which the impor- 
tation of certain plant material should be curtailed. There was 
further discussion relating to the possibility of propagating seedling 
stock in America advantageously and thus eliminate the possibility 
of introducing more pests on this class of importation. Opinions on 
this question were at considerable variance but there seemed to be a 
general feeling that our native conifers should be propagated in this 
country and that further Importations of conifers could be prohibited 
without serious handicap. 

In the Wednesday forenoon session fhe paper on the training of a 
nursery inspector, by R. Kent Beattie of the Federal Horticultural 
Board, brought forth considerable discussion regarding the training 
of the inspector and the value of inspection. Dr. Fernald stated that, 
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in his opinion, the value of an inspection depends absolutely on the 
training, care and experience of the inspector, and that on these per- 
sonal factors hinge the entire value of inspection and the certificate 
which is granted. Dr. Fernald also reported the examination of 100 
records of “blister rust’’ and that in no case had one been found on 
gooseberry, but that all of them were shown to be infections on currant. 

Discussion of question 2, at this point, showed a general agreement 
that the inspector should have authority to inspect and clean up scale 
infested premises in close proximity to nurseries. 

There was considerable variation in opinions regarding the fumiga- 
tion of susceptible nursery stock which was grown in regions known 
to be generally infested with San José scale; and the complaint was 
made that many horticulturists strenuously objected to the planting 
of fumigated trees. 

Question 4 brought forth the general feeling that the statement 
previously made by Dr. Fernald, appearing above, was the only prac- 
tical solution of the efficiency of inspectors. 

Question 5 relating to the bonding of inspectors provoked a short 
discussion which brought forth the general opinion that in case the 
chief inspector was required to furnish a thousand dollar bond, greater 
care and consideration of the stock and its condition and treatment 
would be observed; and further, that in case stock was illegally or 
unnecessarily destroyed, nurserymen might have some redress through 
proper court proceedings. 


BUSINESS 


Professor Symons moved that there should not be held a special 
summer meeting of the Horticultural Inspectors at the time of the 
summer meetings to be held in California, and that any papers relating 
to horticultural inspection be offered at the meeting of the Economic 
Entomologists.. Carried. 

The nominating committee nominated Prof. W. E. Rumsey of 
Morgantown, W. Va., for chairman of the next annual meeting and 
Prof. J. G. Sanders, NMadisait. Wisconsin, as Secrevary. These officers 
were unanimously elected. 

The model nursery and inspection law, which was drawn up in 
November 1913 and was considered at the Atlanta meeting and re- 
ported back for further consideration, was considered and debated. 
Copies of this law, in its latest form, were available at the meeting but 
the copies presented did not contain the latest alterations made during 
the conference held the previous day with the legislative committee 
of the Association of Nurserymen. 

After considerable discussion, it was moved by Prof. Symons that 
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“the Association approve the substance of the proposed bill and that 
a committee be appointed by the chair to consist of five members to 
approve the final wording of the bill. Said committee to have power 
to act.”” The committee appointed by the chair consisted of Messrs. 
Marlatt, O’Kane, Worsham, Gillette and Sanders. 


SOME RECENT INSECT IMPORTATIONS INTO NEW JERSEY 
By Harry B. Weiss, New Brunswick, N. J. 


Inasmuch as the state of New Jersey imports from the various 
countries of Europe, Asia and South America, an average of 12,000 
parcels of nursery stock every year, it is not surprising to find injuri- 
ous forms coming over and in some instances becoming established. 
Scale insects are the most numerous of these importations, chief 
among which are Coccus hesperidum Linn. occurring on bay trees from 
Belgium, Chrysomphalus dictyospermi Morg. on palms from Belgium, 
Hemichionaspis aspidistre Sign. on aspidistra and ferns from Bel- 
gium, Diaspis boisduvalli on orchids from England, Targionia biformis 
Ckll. on orchids from Venezuela and the United States of Colombia, 
Pseudaonidia peonie Ckll. on azaleas from Japan and Diaspis penta- 
gona Targ. on peach stock from Japan, also Lepidosaphes ulmi Linn. 
on boxwood from Holland. 

Except in the case of greenhouse species which were established in 
New Jersey, all infested plants were destroyed. During the fall of 
1911 ants were taken from the packing in a case of roses imported 
from Germany. Unfortunately they were overlooked until the spring 
of 1914 when they were sent to Dr. W. M. Wheeler who identified them 
as specimens of the Argentine ant, Iridomyrmex humilis Mayr, which 
has been such a plague in the southern states and in California and 
which has recently been introduced into South Africa and Portugal. 
Dr. Wheeler was at a loss to understand its occurrence in Germany 
unless it had happened to be living in greenhouses. It is a tropical 
species and of course unable to maintain itself out of doors in the 
northern states or in Germany. Systematic collections of ants were 
made in several of the largest greenhouses in the state especially where 

imported stock had been received in large quantities but no Argentine 
- ants were discovered. 

Another interesting capture was the taking of Hucactophagus graphi- 
pterus'Champion during April 1914 in an orchid house at Summit, 
N.J. This large member of the family Calandride is a native of Costa 
Rica and the United States of Colombia. Mr. Schwarz who deter- 
mined it said that only three specimens were known, one of which had 
been taken in a Connecticut greenhouse by Dr. Britton. 
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Ulex europea from England was found infested by Apion ulieis, a 
weevil injurious to the seeds. Members of this genus are found on 
other leguminous plants and it is one which should be guarded against. 

A much more injurious imported beetle in the shape of Myelophilus 
piniperda Linn.' was noted by Dr. T. J. Headlee to have gained a slight 
foothold in a northern New Jersey nursery where it was found attack- 
ing Scotch Fir to the extent of boring out the tips of the central shoots. 
According to Ratzeburg, this beetle does two important kinds of injury. 
First it attacks for the purpose of breeding, already injured Scotch Fir 
and quickly brings about its death. Second, it bores out the terminal 
twigs of young coppice growth causing the tree to assume a crooked 
unsightly branching habit. The result of this second type of damage 
is much like that of the white pine weevil. According to Dr. Hopkins, 
it often does extensive damage to pine trees in Europe and for this 
reason the section in which it was discovered is being closely watched. 

Another imported beetle, Agrilus viridis Linn. var. fag Ratz.2 was 
found during the past year extensively injuring roses, chiefly in nur- 
series, in four different places in northern New Jersey. The injurious 
work of the larva consists of a spiral band of channels in the sap wood 
over which forms a swelling or gall, above which of course the plant 
dies. It was found attacking standard roses and Rosa rugosa more 
than other varieties and infested blocks presented the appearance of 
having been burned over as early as the middle of August. Consid- 
ering the nature of the injury, cutting and burning of the infested 
stems during the fall or winter seems to be the best method of control. 

Still another unwelcome importation, not from Europe however, but 
from Florida was Callopistria floridensis Guen. known as the Florida 
- Fern Caterpillar. This pest was found during September 1914 injur- 
ing ferns in greenhouses at opposite ends of the state and one of the 
firms in question undoubtedly purchased it in some stage other than 
the adult along with a shipment of ferns from Florida. It does con- 
siderable damage to various species of ferns and in this state has 
yielded successfully only to handpicking supplemented by trapping 
the moths. Considering the fact that it is such a: troublesome species, 
it would pay ferngrowers to be on the watch for it when receiving ferns 
from other establishments. 

The most serious finding of the year was made in November, by 
Government scouts, who discovered 198 egg masses of the gipsy moth, 
Porthetria dispar Linn., at Rutherford. The capture of a perfect male 
moth on August 1 by a local collector led to these men being placed in 
the field by Mr. Burgess. The infestation occurred in a small block 
of nursery evergreens used mostly for show purposes and was at least 


1 Determined by Dr. A. D. Hopkins. 
2 Determined by Mr. Chas. Kerrimans of Belgium. 
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two years old. It is supposed that the egg masses were brought in on 
New England stock although no definite proof of this is obtainable. 

Unfortunately the funds at our disposal for inspection service are 
expended almost entirely in the inspection of nurseries and foreign 
stock, leaving practically nothing for the inspection of domestic stock. 
It is needless tostate that prompt measures were taken with the infested 
area and the careful scouting of thesurrounding area by the Government 
men led us to believe that New Jersey is still free from this pest. 

In addition to injurious species, one will at times find beneficial forms 
being imported’ However as a rule, these are few and far between. 
Egg masses of the praying mantis are not infrequently brought in on 
stock from Japan. During the past season, a large black carabid 
beetle was taken from a case of Japanese azaleas and Mr. Schwarz 
identified it as Damaster blaptoides Kollar. This is a rather rare species, 
the genus being peculiar to Japan. Its introduction into the United 
States would of course be highly desirable. Pterostichus (Feronia) 
vulgaris Linn.' another beneficial carabid beetle, very common in 
central Europe was taken on Holland stock and Amara ovata Fabr.! 
from packing around English stock. Philonthus politus Fabr.' of the 
family Staphylinide was also taken from English stock. The species 
of this genus live under dung or decaying vegetable matter, the larve 
being predaceous on soft insect larve, mostly Dipterous. This of 
course places it among the beneficial forms. 

Various other species mostly injurious but as a rule of lesser impor- 
tance are taken from imported stock every year. This includes white 
flies on azaleas from Belgium, ants from Holland and France, Pseu- 
dococcus sp. on palms and bay trees from Belgium, Tingitid eggs on 
rhododendrons from Holland and Notolophus antiqua egg masses also 
on Holland stock. i 

One fact stands out plain. In spite of elaborate inspection systems 
and careful, conscientious work, some injurious foreign species continue 
to creep in and become established. 


CAGES AND METHODS OF STUDYING UNDERGROUND 
INSECTS ? 


By Joun J. Davis, Lafayette, Indiana 


Our studies the past few years with Lachnosterna and related insects, 
whose immature stages are passed underground and which have a one- 
to four-year life-cycle, have given us an opportunity to determine the 
relative value of various cages. 


1 Determined by Mr. Schwarz. 
* Published by permission of the Chief of the Bureau of Entomology, United States 
Department of Agriculture. 
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In working out the complete life cycles the following general types 
of cages have been thoroughly tested with more or less satisfaction. 
1. Ordinary standard size flower pots, 12, 15, and 16 inches respec- 
tively in diameter and depth. Red pots have proven more satisfactory 
than others for they do not crack and scale so badly from freezing and 
thawing (Plate 3, figs. 2 and 4). 2. Cylinder-shaped cages 20 inches 
in diameter and 4 feet deep, constructed of. 18- and 20-mesh brass 
and bronze wire cloth, buried their entire depth and covered with a 
cone-shaped wire top. 3. Cylinder-shaped cans, 20 inches in diam- 
eter and 25 feet deep, made of galvanized iron with openings at the 
bottom for drainage. 4. Cylinder-shaped cans as No. 3 but with 4 
square feet of 18- or 20-mesh brass or bronze cloth on sides, and the 
bottom of the same material. 5. Cylinder-shaped cages entirely of 
18-mesh galvanized wire cloth (Gilbert and Bennett’s “Pearl” wire) 
20 inches in diameter and 2% feet deep, buried their entire depth, as 
the others, and covered with cone-shaped wire covers (Pl. 3, fig. 1). 
6. Cylinder-shaped cages as No. 5 with an outer casing of heavy 6- 
mesh galvanized screen. (Pl. 3, fig. 3.) 7. Cages constructed of 
20-inch tile, one and two tile deep and covered at the bottom with a 
durable wire screen. 8. Rectangular-shaped cages 5 x 8 feet in width 
and length, 23 feet deep below ground and 23 feet above ground, con- 
structed of metal and wooden frames covered with 18-mesh pearl wire 
cloth (PI. 4, fig. 5).1 

Coleopterous larve with a three-year life-cycle were bred in all of 
the cages from egg to adult. Type No. 2 has been discarded since 
the galvanized wire will last sufficiently long and is not nearly so 
expensive as the brass or bronze cloth, and it has been definitely 
decided that cages need not be over 23 feet deep, at the most. The 
tile cages (No. 7) were no more satisfactory than the flower pots and 
were quite difficult to examine. Cages 5 and 6 were quite satisfactory 
but they were no more so than the flower pot cages and since they are 
considerably more expensive, they will hereafter be replaced largely 
by the latter. Cages 3 and 4 are somewhat cheaper than 5 and 6 and 
about as satisfactory but will be replaced hereafter by pot cages, for 
the reason just given. The large rectangular cages (No. 8) are quite 


satisfactory and are used to serve as checks on the smaller cages. | 


Usually several species of the same genus are placed in each of these. 

As already intimated, the flower pot cages, taking everything into 
consideration, are the most satisfactory, are easily handled, cheap, and 
well suited for underground insects: The pots are filled with good soil 


1 Cages of this style may be used for a double purpose, first as breeding cages for 
underground insects, and second for studying the seasonal life-history of aerial 
insects, such as the army worm (Heliophila wnipuncta) as was done at Lafayette the 
past year. 
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which has been sifted to make certain it is free from insects, and seeded 
with a mixture of timothy and blue grass. Pieces of old corn stalks 
are usually included since the young grubs (Lachnosterna, Cyclocephala, 
Anomola, etc.) like to feed on decaying vegetation, and for grubs which 
are partially or wholly scavengers manure is added. Pots thus pre- 
pared are buried in the soil almost to their tops, and covered with 
cylinder-shaped tops as in the accompanying illustration (PI. 3, fig. 
4). Beetles, preferably pairs collected in copula are introduced and 
in the case of leaf-eating beetles, foliage is supplied as needed. It is 
necessary at various times to reseed or plant corn in the cages and, 
above all, it is essential to watch them and water as required, for they 
do not hold the moisture as does soil under natural conditions. It is 
equally necessary to water the wire cloth cylinder cages during the 
warmer and drier parts of the year for they do not retain the moisture 
any better, if as well, as the pots. During the winter, covers are 
removed and the pots covered with straw and this with strawy manure 
to a depth of one foot, which will gradually pack down to a compara- 
tively thin layer (PI. 5, fig. 9). Since the grubs do not, in flower pot 
cages, have an opportunity to go down to their normal depth for hiber- 
nation, this precaution is desirable and does not materially affect the 
conditions as found in nature. Cages such as these, which are used 
to obtain the total life-cycle, are examined for grubs only once or twice 
in a year in order to obtain specimens of the different aged grubs, and 
duplicate cages are invariably left undisturbed until the summer the 
beetles are to appear. 

For obtaining eggs and records of individual pairs, 12-inch three- 
quarter or standard size pots filled with finely sifted soil are used. 
They are covered with wire screen tops within which single pairs are 
placed. The soil in these cages is not seeded nor are the pots sunk in 
the soil, but foliage is supplied as needed and a record kept of the 
amount of each kind of foliage eaten by the beetles. The pots are 
kept in.a shaded or partially shaded location and every day or every 
few days the cages are sifted, using a 16-mesh riddle. If the soil 
contains the proper moisture content, the small balls of earth contain- 
ing the eggs will remain intact, the loose soil sifting through... The 
balls of earth are broken in half and the part containing the egg or 
eggs placed in boxes of soil, or small cavities, resembling the original 
egg cavity, are made in the boxes of earth and the egg placed therein, 
a damp camel’s hair brush being used to dampen the eggs. The earth 
in the egg boxes is moistened as necessary and kept in a cool place 
comparable with natural soil conditions. We have also used shallow 


1 This is the case with Lachnosterna, Allorhina, Euphoria, Diplotaxis, etc., but a 
few beetles do not make such a compact ball and the eggs appear in the riddle free. 


138 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


pots known to dealers as fern pots (PI. 4, fig. 6), for egg incubators but 
the tin boxes (Pl. 4, fig. 7), have given us more uniform satisfaction. 

In order to study the habits of the grubs, their growth, molts, ete. 
one-ounce tin salve boxes are employed (PI. 5, fig. 12). These are 
filled with soil, moistened to the proper degree, the grubs placed 
therein and a grain or two of wheat added. Extreme care is necessary 
in handling the young grubs and they must be disturbed as little as 
possible. Older grubs are fed grains of corn and are examined once a 
week, fresh soil and corn being added as needed. For convenience in 
handling we have trays (Pl. 5, figs. 10 and 11), made to hold 60 or 
70 tin boxes and just the depth of the boxes and these are fitted in 
grooves, like the drawers of an insect cabinet, thus putting them in 
compact form and in such shape that any individual drawer or tin 
tray can be drawn out and examined without disturbing the others. 
By use of a blue pencil, such as is designed for writing on china, tin, 
etc., the cage number can be placed directly on the box and it will not 
be erased except by vigorous rubbing. As winter approaches all of 
the tin boxes are carefully examined to prepare the grubs for hiber- 
nation. All grain and vegetation is removed and the soil properly 
moistened. Watering, especially at this time of year, is an important 
item, time and experience alone enabling one to judge; it suffices to 
say that overwatering is the more natural and consequently to be 
guarded against. After the boxes are prepared for winter they are 
left in the tin trays which are placed one on top of the other, or are 
placed in pasteboard boxes holding a half gross or more, and buried in 
a compost heap to the depth of from one to two feet (Pl. 5, fig. 8). 

The. tin boxes above described are invaluable for many purposes. 
Grubs received from different localities and situations are reared in 
them with very little effort. When filled with sphagnum moss they 
make excellent receptacles for sending living grubs and other insects 
liable to injury in shipment. The past summer we successfully em- 
ployed them for obtaining molts, length of instars, amounts of foliage 
eaten during different instars, etc., of the army worm (Hehophila 
unipuncta), one-ounce size being used up to, the fifth molt, after which - 
three-ounce boxes were used. They are simple, cheap, easily handied, 
and the molts readily determined, enabling us to run an extensive 
series of individuals. It is scarcely necessary to say that in the case 
of the army worm, check experiments were run to determine whether 
or not the tin boxes produced unnatural conditions for the larve, and 
in this case they did not, larve in the tins behaving, feeding and molt- 
ing as did larve in several other kinds of cages. From our experience 
with tin boxes they are the simplest breeding cages available and, 
considering everything, will prove to be as invaluable to the entomolo- 
gist as to the salve doctor. 
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Since this paper was written Mr. A. A. Girault has published an 
article on methods of rearing Scarabeid larve (Jour. Econ. ENT., 
Vol. 7, Dec. 1914, pp. 445-447). The author concludes that the under- 
ground Tower cages, which in this case are presumably underground 
cylinder cages made of wire gauze, are the most satisfactory, wooden 
boxes next and the flower pots third choice. Other circumstances not 
referred to in the table must have influenced these conclusions since 
they are not satisfactorily corroborated therein. Girault does not 
indicate the size of pots or Tower cages used and this might have a 
decided influence on the percentage of maturities, nor does he indicate 
the number of grubs per cage except in the case of a few examples and 
it is evident that up to a certain limit, the fewer the grubs the greater 
the percentage of maturities, other factors being equal. Furthermore, 
only larve within five months of pupation were used and in the case 
of the flower pots all were kept indoors (apparently not buried), hence 
it is impossible to make a satisfactory comparison between the results 
secured by Girault and those of the writer. In the case of half-grown 
grubs it is quite certain from our own results that the small individual 
tin boxes will prove as satisfactory, if not more so, than pots or other 
cages. Girault makes an excellent point and one which we corrobo- 
rate when he says, “It would seem that the kind of cage mattered very 
little, providing they received good attention.” 


EXPLANATION OF PLATES 3-5 


Plate 3, fig. 1. Large underground breeding cage of 20-mesh Pearl wire cloth. 

Fig. 2. 15-inch pots with wire screen dish cover tops. 

Fig.3. Large underground breeding cage of 20-mesh Pearl wire cloth covered with 
6-mesh wire screen. 

Fig. 4. 15-inch flower pot cage with cylinder-shaped tops. 

Plate 4, fig. 5. 5: 8 ft. underground breeding cage. 

Fig. 6. Flower pot saucer egg cage. 

Fig. 7. Tin box egg cage. 

Plate 5, fig. 8. Compost heap in which certain cages are buried during the winter. 

Fig. 9. Row of flower pot underground cages covered with strawy manure. 

Figs. 10 and 11. Tray containing individual tin box cages. 

Fig. 12. Individual tin boxes showing white grub in prepupal stage and cell 
constructed by it (natural size). 
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A PRELIMINARY LIST OF INSECTS WHICH HAVE WILT, 
WITH A COMPARATIVE STUDY OF 
THEIR POLYHEDRA! 


By J. W. CHAPMAN and R. W. GuasEeR 


I. DESCRIPTION oF WILT 


Although the nature of wilt in the gipsy moth will be thoroughly 
discussed by Glaser in a paper soon to be published, a restatement 
of its recognizable characteristics is necessary for a complete under- 
standing of the discussion which is to follow; also because many 
persons are of the belief that wilt is peculiar to gipsy moth cater- 
pillars only. 

Clinical Picture 


The wilt is characterized by the formation in the bodies of infected 
caterpillars of polyhedral-shaped, highly refractive, angular bodies, 
which have their origin in the nuclei of the tracheal matrix, hypo- 
dermal cells, fat cells and blood corpuscles. Later some of these 
burst and the poyhedra are set free in the blood. When death 
results they make up a great part of the saponified body tissues of the 
caterpillars. The caterpillars hang by their prolegs, become flaccid 
and their skin disrupts at the slightest touch. An examination imme- 
diately after death reveals few or no bacteria and no bad odor. The 
wilt appears in nature in both a chronic and an acute form. If, how- 
ever, a dead caterpillar, on microscopic examination, shows no poly- 
~ hedra it does not have wilt, even though all the gross symptoms 
may be present. 

The point we wish to emphasize is that a consideration of both the 
external characteristics and the polyhedra is essential to a complete 
diagnosis of isolated or chronic cases of wilt; because there are a num- 
ber of diseases of caterpillars, such as fungous, protozoan and possibly 
bacterial diseases, with which it might easily be confused under such 
conditions, even by the most experienced. If on the other hand the 
wilt has reached the epidemic form, it is highly improbable that it 
could be confused with anything else. 

Following this rule of diagnosis we should look for wilt in all forms 
of insect life; for where it was thought to be rare it has proven to be 
common and widely distributed as will be seen from the following 
insects reported to be affected by it. For convenience of discussion 
and to prevent possible confusion we have divided them into three 
groups. 

1 Contribution from the Bureau of Entomology in codperation with the Bussey 
Institution of Harvard University. (Bussey Institution No. 85.) 
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Group A contains, with the exception of the silkworm, the insects 
we have studied. Six families and ten species are represented. 

Group B contains a list of insects reported to have polyhedral-sick- 
ness by the European investigators, Prowazek, Escherich, Wahl, Bolle, 
Bohm, ete. 

Group C is made up of insects found in the United States that have 
a disease or diseases similar to wilt in many of its clinical aspects. 

With the exception of Colias Bide none of this group have been 
- examined by us. 


List oF SPECIES, WITH THEIR DISTRIBUTION 


Group A 
I. Saturnide. 
1. Hemileuca’ olivia Ckll. 


Il. Noctuide. 7. Orgyia leucostigma A. &.S. 
2. Leucania unipuncta Haw. V. Lasiocampide. 
3. Laphygma frugiperda 8S. & A. 8. Malacosoma americanum 
Pe a Fabr. 
HII. Dioptide. 9. Malacosoma disstria Hiibner. 
4. Phryganidia californica Pack- VI. Bombycide. 
ard. 10. Bombyx mori L. 
Group B 
I. Sphingide. V. Notodontide. 
11. Deilephila sp. 20. Harpyia bifida Hubn. 
12. Smerinthus atlanticus Auct. VI. Geometride. 
Il. Saturnide. 21. Bupalus piniarius L. 
13. Antherea pernyi Guer. VII. Tortricide. 
14. Antherea yama Guer. 22. Conchylis ambiguella Hubn. 
15. Antherea mylitta Drur. VIII. Tenthredinide. 
16. Philosamia cynthia Drur. 23. Lophyrus rufus Ratz. 
17. Saturnia pavonia major O. IX. Muscide. 
Ill. Noctuide. 24. Calliphora vomitoria L. 
18. Prodenia litosia X. Dermestide. 
IV. Lymantride. 25. Dermestes lardarius L. 
19. Orgyia antiqua L. 26. Anthrenus museorum L. 
Group C 
I. Pieride. 31. Heliothis obsoleta Fab. 
27. Colias philodice Godart. 32. Autographa gamma californica 
28. Hurymus eurytheme Boisd. Speyer. 
II. Arctiide. 33. Autographa brassice Riley} 
. 29. Hyphantria cunea Drury. IV. Notodontide. 
Ill. Noctuide. 


30. Alabama argillacea Hubn. 


1 January 23, 1915. 
Riley during the past week. 


TV: 


Lymantride. 
5. Porthetria dispar L. 
6. Lymantria monacha L. 


34. Heterocampa guttivitta W1k. 


Polyhedra were found in a caterpillar of Autographa brassice 
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Distribution—Group A 


One of the most interesting phases of wilt besides its occurrence in 
so many widely different species, is its geographical distribution. We 
have already called attention (Dec., 1913) to its almost general oc- 
currence in the Nun moth caterpillars and silkworm in Europe, 
where it is commonly known as “ Polyederkrankheit”’ or polyhedral 
sickness. 


The Gupsy Moth 


Glaser (1915) has shown that the wilt is present throughout the 
entire gipsy moth infested area in New England. 


Apple Tent Caterpillar 


Observations on the tent caterpillars which we also previously re- 
ported have not been so general as those of the gipsy moth. However, 
more attention was given to them the past summer and one point in 
particular, near Lunenburg, Mass., was kept under observation. This 
was one of the gipsy moth observation points and consisted of a tract 
of mixed forest of perhaps fifty acres, surrounded by a dense swampy 
growth of many acres in extent. It was in this low growth that the 
apple tent caterpillars suffered almost complete annihilation from 
wilt. It first appeared in a chronic form, a few dying here and there 
in the webs. These would sometimes be spun over by the remainder 
of the colony before others died. It became epidemic about the time 
of complete defoliation (May 28-31, 1914), and within a few days 
thousands of webs were covered with dead and dying caterpillars, 
most of which were distinctly strawberry red in color. We searched > 
this area for living caterpillars at this time and only a few were found. 
All of these when examined showed polyhedra in their blood. They 
too died in a few days. 


Forest Tent Caterpillar 


Though the wilt was also reported to have occurred in many places 
in the Forest Tent caterpillar, neither of us have seen more than a few 
typical cases from the field. Many caterpillars were sent in by the 
field men but only a few of them proved to have typical wilt. 


The Army Worm 


An outbreak of the army worm on Long Island, Boston Harbor, 
during August, gave us an opportunity to determine if wilt also occurred 
in that species. A trip was made to the Island through the courtesy 
of the officers of the penal institution of the city. Several hundred 
caterpillars were collected. Nothing resembling wilt was seen at the 
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time though many were dead or dying. The next day a typical case 
of wilt developed in one of the stock trays in the laboratory. The 
caterpillar was flaccid, hung by its prolegs and the skin broke at the 
slightest touch. A thin grayish liquid oozed out which proved on 
examination to contain almost pure polyhedra. Other cases of wilt 
developed in these trays from time to time. A number of deaths 
were also caused by bacterial infection as’the post-mortem examina- 
tions showed. 

We have had shipments of army worms from Nantasket, Mass., 
Hagerstown, Md., and Norfolk, Va. That the wilt was present in 
all of these places was shown by the typical cases of wilt in the ship- 
ping boxes at the time of their arrival at the laboratory from these 
places. J. A. Hyslop, of the Bureau of Entomology, who is located 
in Maryland, shipped 350 caterpillars (isolated in separate pill boxes) ° 
at one time. These were from seven different broods. Brood number 
five had 52 caterpillars, 50 of which were dead when we received the 
shipment. The remaining two died before the next day. There were 
also 30 dead in the other six broods, making a total of 82 dead with 
wilt out of 350 caterpillars. 

Prof. Franklin Sherman, Jr., of North Carolina, recently informed 
us, after we had described the wilt to him, that some such malady did a 
great deal towards checking an outbreak of the army worm in North 
Carolina the past summer. 

We have been more recently informed concerning the appearance 
of the wilt in two other outbreaks of the army worm, one in Illinois 
and the other in Oklahoma. 


The Tussock Moth 


During 1911 we made observations on the Tussock moth on Boston 
Common. A disease appeared among the second generation cater- 
pillars which almost completely destroyed them. It had all of the 
external appearances of wilt and was so considered by us at that time, 
though no microscopical examination of the caterpillars was made. 

The Tussock moth has been so scarce in New England since then that 
we have been unable to verify the observations of 1911.1. The abun- 


1 Since the above was written we found some of the dried Tussock moth caterpillars 
taken on Boston Common, Aug., 1911, which had been stored with other insect 
materials. We examined them and the polyhedra were found to be plentiful and as 
fresh in appearance as though they came from caterpillars of the past season. 

December 22, 1914, we received a letter from J. 8. Houser, Associate Entomologist 
at the Agricultural Experiment Station, Wooster, Ohio, in which he says of O. leuco- 
stigma: ‘“‘The accompanying photograph was taken July 7 at the time the cater- 
pillars were supposed to be transforming to the pupal stage. The plot was practically 
defoliated, and for this reason attracted my attention; but much to my surprise I was 
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dance of this insect the past summer in Washington, D. C., provided 
the longed-for opportunity. Mr. E. R. Sasscer, of the Bureau of Ento- 
mology, kindly consented to send us caterpillars. About five hundred 
second generation caterpillars arrived from him the latter part of 
August. Beyond a few crushed in transit they appeared healthy and 
in good condition. Attached to some leaves which had served as 
food were two first generation pups which had failed to mature. 
These were examined and found to be full of polyhedra. Two days 
later a caterpillar was found dead, hanging by the prolegs. When 
grasped by a pair of forceps, its prolegs were left clinging to the side ~ 
of the box. The case was as typical as any we had seen in the 
gipsy moth and the polyhedra were just as plentiful. A few of these 
caterpillars died each day until less than one dozen pupated out of more 
than five hundred caterpillars. 


The Oak Caterpillar, Phryganidia californica 

Karly last spring we received word from one of Professor Kellogg’s 
students at Stanford saying, ‘The Oak caterpillars are dying with a 
disease similar to wilt.’”’ We wrote him for material which he kindly 
sent; and though in poor condition when we received it, we were able 
to confirm his observations. Polyhedra were found in abundance in 
the dead caterpillars. According to his description of the disease it 
completely controls this pest at times and like wilt does the most good 
when defoliation has almost taken place. 


The Range Caterpillar 


Mr. H. E. Smith of the division of Cereal and Forage investigation 
has, the past summer, been working on the Tachinid parasites of the 
range caterpillar at the Melrose Highlands Laboratory. | 

On learning that we had found the wilt in other species of caterpillars 
besides the gipsy moth, he sent us a few Range moth caterpillars, one 
of which showed typical wilt symptoms. It proved on examination 
to be a very typical case. Since this was the last of his stock we have 
not had an opportunity to examine others, and therefore cannot say 
whether the wilt occurs naturally in the field or not. We will have to 
wait another season to determine this point. 


unable to find any pup. Upon examination, the dead caterpillars were found 
everywhere clinging to the branches, and also occurring in great abundance on the 
ground beneath. Some few caterpillars were yet alive, but were very sluggish. - I 
collected some of these and carried them home, but they all died apparently from 
wilt,”’ etc. 

Mr. Houser enclosed some of the caterpillars he collected at that time. The 
abundance of the polyhedra in these caterpillars shows that they died of wilt. 
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Distribution—Group B 


The insects contained in this group are reported on the authority of 
European investigators, who in the course of their studies of the 
disease of the Nun moth and silkworm caterpillars, either found 
a similar disease in these other species or by inoculation with the 
virus of diseased Nun or silkworms produced a similar condition in 
them. 

Though details are generally lacking, enough information, in case 
of the majority of the caterpillars, is given to dispel any doubts one | 
may have that the observers were not dealing with true polyhedral 
diseases. However, in regard to the production of the polyhedral- 
sickness in the larve of beetles and flies we do not feel so confident. 
Without going into too minute detail we should like to know whether 
the wilt ever occurs in these insects naturally. Also if all the typical 
symptoms are manifested in these individuals as in caterpillars. Until 
this and other more detailed information is forthcoming, we cannot 
come to any decision on the matter, further than to say all our own 
efforts in this direction have resulted negatively. 


Distribution—Group C 


We believe the species in this group should be reported at this time 
because they are all of more or less economic importance and particu- 
larly because they have a caterpillar malady which has checked them 
considerably, if not completely controlled them at some time or other. 
The various observers who have worked on the life histories and habits 
of these pests or have studied some special outbreak of them have 
made special mention of these maladies and their possible importance 
as factors in controlling these pests. 

In looking over the histories of these diseases and in some instances 
getting the information at first hand from the investigators themselves, 
we were impressed with the similarity of many of them to wilt. With 
the exception of Colias philodice, we have not examined any diseased 
caterpillars of this group. A few Colias caterpillars which we tried 
to infect by feeding them army worm wilt died. They did not 
show the typical wilt symptoms. However, on examination a few 
polyhedra were found. We are inclined to believe that their presence 
in the Colias caterpillars was due to the unsatisfactory manner of 
feeding. Some of the material may have dried on the skin of the 
caterpillars. It was then washed off when the caterpillars were crushed 
for examination. Until this experiment is repeated several times or 
the wilt is found naturally in this species we cannot accept these results 
as final. 

11 
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COMPARATIVE STUDY OF POLYHEDRA 


The question now arises whether or not there is more than one dis- 
ease in the condition known as wilt. In Europe, as we have already 
pointed out, in a previous paper (Dec., 1913), there is a tendency to 
diagnose insect diseases, where polyhedra are present, as ‘‘ Polyeder- 
krankheit”’ or polyhedra-sickness. The idea is excellent, for though 
the diseases may not be identical they are similar in many respects! 
and until we know more about their cause certainly no harm can come 
from grouping them in this way. 

We have adopted this scheme as will be seen from the preceding 
list of insects known to have polyhedra, and we have used wilt synony- 
mously with ‘ Polyederkrankheit.”’ 

Returning now to the question whether or not there is more than 
one disease concerned with wilt. We undertook a comparative study 
of the polyhedra in the different species of caterpillars: first, to see 
what light if any could be thrown on this phase of the problem; second, 
if by such a study we might determine the relation of the polyhedra 
to wilt. 

We proceeded as follows: Smears were made either from fresh or 
dried wilt material. These were dried, fixed by passing through a 
flame, and stained by Giemsa’s method. Five fields, of ten adjacent 
polyhedra each were drawn by camera lucida from each slide (one 
from each of the four corners and one from the center). These were 
drawn at the same magnification and at the height of the stage of the 
microscope. A stage micrometer was also projected and drawn. All 
measurements were then made with this enlarged scale. This pro- 
jected scale was afterwards checked with measurements by an eye- 
plece micrometer. 

We are not able at this time to present polyhedra from all the species 
named in group A. Unfortunately the few specimens of wilt of the 
Range caterpillar and army worm which we examined were not pre- 
served. We can say however they differed in no material way from 
the polyhedra of the other eight species we have presented. (See 
Pl. 6, figs. 1-8). | 

As to the first part of the question. We must admit the compara- 
tive study of the polyhedra has added little of positive value; for with 
the exception of the silkworm caterpillars (Pl. 6, fig. 4, after Prowazek) 
which are distinctly rhomboidal, seldom pentagonal or hexagonal, 
there exists a striking similarity in shape between the polyhedra of the 
other seven species. If it is true that some of the polyhedra are more 


1 (1) Have polyhedra, (2) become flaccid, (3) hang by the prolegs, (4) body tissues 
become saponified, (5) and there is both a chronic and acute type in nature. 
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angular than others but with the possible exception of the tent cater- 
pillars, this is characteristic of individual polyhedra in the same cater- 
pillars, where they may vary from an almost spherical to a decidedly © 
angular form. 

Another striking fact is the great difference in size between the poly- 
hedra in the different species studied. (PI. 6, figs. 12-14.) Taking 
the average of five microscopic fields in each species studied, the poly- 
hedra of the gipsy moth are the largest, measuring 3.4u in diameter 
and those of the tussock moth the smallest, measuring 1.64y in diam- 
eter. The polyhedra of the other species are intermediate in size. 
Glaser in his study of the polyhedra of the gipsy moth caterpillars 
found some measuring as much as 15y in diameter, while in the same 
caterpillar there were many measuring 1.54 and 2u in diameter with 
all possible gradations between these two extremes. — 

As to the second part of the question, what relation have the poly- 
hedra to wilt? We have previously stated (Dec., 1913) that the 
polyhedra were reaction products, a view also held by many European 
investigators. This view we further believe is strengthened by the 
present study of the polyhedra. 

A further study was made of some polyhedra taken from caterpillars 
which died in experiments of crossinfection. (PI. 6, figs. 9-11.) That 
is, apple tent caterpillars were fed with gipsy moth wilt and gipsy 
moth caterpillars were fed with Nun wilt. A number of such infections 
were tried but the reciprocal infections were not made. Until this is 
done we cannot express a definite opinion on the results we have ob- 
tained so far. We present it more to call attention to or to show what 
might be done in the future in an experimental way, that might give 
the solution to the problem. 

We wish at this time to thank all those who have in any way aided 
us In this work; especially those who have sent us material from the 
field. 

SUMMARY AND CONCLUSIONS 


1. Wilt occurs in many widely different species of insects. 

2. The clinical aspects of wilt are very similar in all the species of 
caterpillars studied by us. 

3. Wilt first appears in a chronic form, as conditions become more 
unfavorable it becomes acute, and finally terminates in a general 
epidemic. 

4. There is a striking similarity in shape between the polyhedra of 
the different species of caterpillars given in Group A. 

5. The polyhedra in the different species vary greatly in size. 

6. The great difference in size which exists between polyhedra 
in the same caterpillar tends to strengthen our view that the poly- 
hedra are reaction bodies. 
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EXPLANATION OF PLATE 6 


Norre.—Each figure consists of one microscopic field of ten adjacent polyhedra. 
Two measurements are given under each figure. The first refers to the average size 
of the ten polyhedra given in each figure. The second is the average of five such 
microscopic fields. 


Fig. 
Fig. 
Fig 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


iT 


2. 


3. 


4, 


5. 


6. 


Polyhedra of a Gipsy moth caterpillar. 
(Average size 3.4u and 3.39) 
Polyhedra of a Nun moth caterpillar. 
(Average size 2.65u and 2.48) 
Polyhedra of a Forest tent caterpillar. 
(Average size 2.6u and 2.5) 
Polyhedra of a silkworm. 
(After Prowazek) Mag. 1400 diam. 
Polyhedra of an Apple tent caterpillar. 
(Average size 2.05u and 2.2u) 
Polyhedra of a Tussock moth caterpillar. 
(Average size 1.5u and 1.64) 


. Polyhedra of an army worm. 


(Average size 2.3u and 1.88.) 
. Polyhedra of a Phryganidia caterpillar. 
(Average size 1.6u) 
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Fig. 9. Polyhedra of a Gipsy moth caterpillar fed Nun wilt. 
(Average size 2.54 and 2.1) 

Fig. 10. Polyhedra of a Gipsy moth fed Phryganidia wilt. 
(Average size 2.15 and 2.1) 

Fig. 11. Polyhedra of an Apple tent caterpillar fed Gipsy Toil wilt. 
(Average size 2.35u and 2.2) 

Fig. 12. Polyhedra of a Gipsy moth cater pillar. 
(Showing two extremes) 

Fig. 13. Polyhedra of an Apple tent caterpillar. 
(Showing two extremes) 

Fig. 14. Polyhedra of a Forest tent cater pillar. 
(Showing two extremes) 


Drawn by camera lucida. (Ocular 6, Oil immersion 12, ‘tube length 160 mm.) 


MYCODIPLOSIS MACGREGORI N. SP. 
By E. P. Fett, Albany, N. Y. 


The small midge described below was reared July 16, 1914, by 
Mr. E. A. MacGregor, Batesburg, S. C., from red spider on cotton, 
and at the time of rearing it was supposed to be identical with Arthroc- 
nodax carolina Felt. This new species runs in our keys to M: tsuge 
Felt, from which it may be easily separated by the equal and shorter 
stems of the fifth antennal segment and marked differences in the male 
genitalia. 


Male. Length 1.2 mm. Antenne one-fourth longer than the body, sparsely 
haired; fuscous yellowish; 14 segments, the fifth having the two portions of the stem 
nearly equal, each with a length one-half greater than its diameter; terminal seg- 
ment with the basal enlargement oblate, the basal portion of the stem slender and 
with a length about twice its diameter, the distal enlargement stout, with a length 
one-half greater than its diameter and roundly tapering to an irregular, finger-like 
process less than one-half the length of the distal enlargement. Palpi; first segment 
irregular, the second with a length one-half greater than its diameter, the third one- 
half longer than the second, more slender, the fourth nearly twice the length of the 
third and somewhat compressed. Mesonotum fuscous yellowish. Scutellum and 
postscutellum yellowish. Abdomen light fuscous yellowish, the genitalia slightly 
fuscous. Wings hyaline. Halteres whitish transparent. Coxae and femora mostly 
pale yellowish, the tibie slightly darker and the tarsi a light straw; claws slender, 
evenly curved, the anterior and mid claws unidentate; pulvilli reduced, about two- 
thirds the length of the claws. Genitalia; basal clasp segment long, slender; terminal 
clasp segment rather short, stout, nearly straight, the dorsal plate short, deeply 
and roundly emarginate, the lobes tapering to a broadly roundly apex; ventral plate 
moderately long, tapering at the basal third, the distal portion of the sides nearly 
parallel, the apex broadly rounded and with two pairs of large, latero-posterior 
sete; style long, slender, acute. Type Cecid. 22601. 
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A NEW SARCOPHAGA PARASITIC ON ALLORHINA 
NITIDA! 


By J. M. Aupricu, Assistant in Cereal and Forage Insect Investigations, U. S. Bureau 
of Entomology, Lafayette, Ind. 


The publication of the following new species is desired in order that 
it may be referred to in a forthcoming article on the host. 


Sarcophaga utilis new species. 

o&. Robust black species with first vein bare, dorsocentrals much reduced and 
hardly differentiated except the hindmost two pairs, no acrostichals except the 
prescutellar pair, hind tibie not with long, erect villosity; and hypopygium red 
except for an indistinct blackish band across the middle of the first segment. 

Head broad, the front at narrowest equal to 2 of one eye, black above, the frontal 
stripe wide, black; lower part of the parafrontals together with the parafacials and 
anterior part of bucca rather grayish-yellow pollinose, a darker reflecting spot later- 
ally from root of antenne; beard mixed black and yellowish; bucca about half the 
eye-height in profile view; proboscis ordinary, palpi black; vibrisse inserted well 
above oral margin, almost on a level with lower edge of eye. Outer vertical bristle 
well developed, almost like inner; three fairly regular rows of black cilia behind the 
compound eye; parafacials less than half as wide as median portion of face, with an 
oblique row of small bristles close to orbit and a few scatter- 
ing; antenne entirely black, third joint rather short and 
wide, twice the length of the second; arista loosely plumose 
for three-fifths of its length. 

Thorax black, gray-pollinose, with the usual three black, 
sub-shining stripes, of which the middle one broadens out 
on the scutellum and is accompanied anteriorly by a fine line 
each side; another pair of stripes on the sides of the meso- 
notum, abbreviated in front, extend to the metanotum; 
pleure lightly pollinose, mostly blackish; scutellum large, 
with only two lateral pairs and a smallish apical pair of 
macrochetz, together with a medium-sized subdiscal pair; 
halteres yellow, the stem and base of knob brownish; Fig. 9 —Sarcophaga 
calypters white. utilis n. sp., male gen- 

Abdomen gray-pollinose with the usual tessellated appear-  jtalia. 
ance, when viewed from behind showing three longitudinal 
blackish stripes; the hind margin of the fourth segment red in ground color; second 
segment without median marginal macrochetez, third with a single pair, fourth 
with a row of about 18 across the dorsum. 

The hypopygium normally retracted is rather large, red, the first segment more or 
less blackish on the base of the exposed part (really the middle), without row of 
bristles apically; second segment red, globose, with long blackish hair, more dense 
about the forceps. When unfolded the genitalia usually (in seven of eight examined) 
have the terminal part of the penis enveloped in a gelatinous mass, so that its structure 
cannot be made out; the accompanying drawing is made from a specimen that had 
been boiled in water, which successfully freed it from this substance. The long, 
abundant, backward-directed hair is omitted from the main part of the forceps. 
The drawing was made shortly after boiling, while the specimen was plump, but it 
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did not undergo much change in drying. The two apical sharp points of the penis 
are paired structures, as in fact all the other parts shown are. The tips of the for- 
ceps are very characteristic, being covered with erect, short, stiff hairs so that only 
a little of the black apex is visible; the rest of the forceps before the erect hairs is red 
in color. 

Wings subhyaline, small crossvein not clouded, third vein bristly halfway to it or 
sometimes a little more; apical cell rather widely open; epaulet black, subepaulet 
pale yellow. Legs entirely black; pulvilli blackish, large but shriveled in drying, all 
claws elongated, fourth tarsal joint very short, less than half the fifth; hind femur with 
intermediate row of short bristles; middle femur with short posterior comb (below 
near tip). 

Length to hypopygium, 8-9 mm. 

Q. Front wider, equaling one eye; palpi more clavate; dorsocentrals a little 
better developed, four behind the suture, of which the anterior two are small; scu- 
tellum without apicals; tip of abdomen red beginning with the last third or more of 
the fourth segment; fifth segment deeply notched above and with an almost slit-like 
aperture behind, which is fringed with small bristles above; spiracles of fifth segment 
visible; claws and pulvilli of medium size, the latter dark yellow; hind femora with- 
out intermediate row of bristles; two pairs of orbital bristles. 

Length, 7-13 mm. 


Material examined: One male and one female, Norfolk, Va., Sept. 
6 and 18, 1914, bred from pupa of Allorhina nitida by D. E. Fink; 
four males, Logansport, Ind., June 30, 1914 (Aldrich); two males, La- 
fayette, Ind., Sept. 16 and Oct. 9 (Aldrich); four males and one 
female, Tifton, Ga. (Hough Collection); four females, Opelousas, La. 
(same); one male, Agricultural College, Mich. (same); one female, 
Orlando, Fla. (same); and one from Pullman, III. (same). 

The type is selected from the Logansport lot, but the drawing is 
from the paratype bred from Allorhina, as it showed after boiling the 
details of the penis, but was not in other respects suitable for the type. 

Two males and two females (including type) deposited in the U. S. 
National Museum. 
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The Philadelphia meeting has become history. Those privileged to 
attend can hardly class the gathering as other than one of the most 
pleasant and profitable. The program was full but not so overcrowded 
that discussion was impractical and we have yet to learn of serious 
conflicts between the meetings of closely allied societies. Material 
progress was made with the Index of Economic Entomology. The 
plan has been carefully outlined and compilation has already started. 
There was a large increase in the membership and the finances of the 

JOURNAL have been put upon more substantial basis. These are all 
creditable achievements and continuations of earlier adopted policies. 


The design for an official seal for the Association of Economic Ento- 
mologists should receive careful consideration, and, as mentioned in the 
report of the Executive Committee, suggestions are desired by those 
with whom the final decision must lie. Melanoplus spretus has been 
suggested as particularly well qualified to occupy a prominent place 
on the seal. Its claims to this distinction may be briefly stated as fol- 
lows: It is an important insect pest and its activities in earlier years 
resulted in the organization of the United States Entomological Com- 
mission—a pioneer in the exhaustive and fruitful studies so character- 
istic of the present day. The ravages of this insect raised the public 
estimation of applied or economic entomology from a tolerated and 
presumably somewhat beneficial calling to one of great practical im- 
portance—a rating abundantly justified in the developments of later 
years and attested by the present wonderfully efficient Federal Bu- 
reau of Entomology with its extended ramifications and the numerous 
state agencies employing skilled scientists in the study of insect 
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problems. The Rocky Mountain Locust really started the com- 
prehensive entomological work of the present day and as a conse- 
quence was an important factor leading up to the organization of 
this Association.. Furthermore, this insect is a characteristic American 
species with close allies so widely distributed throughout the world, 
that the casual observer in almost any country would associate the 
illustration of this species with familiar, injurious insects, even though 
he were unable to decipher the lettering on the seal. 


Reviews 


Some South Indian Insects and Other Animals of Importance, con- 
sidered especially from an economic point of view, by T. BAINBRIDGE 
FLeTcHER. Printed by the Superintendent, Government Press, 
Madras, India. 4to, p. i-xxi, 1-565, figs. 440, plates 50. 1914. 


This large and rather weighty volume has an introduction of 74 pages dealing with 
the structure, classification and ecology of insects. The chapter on the control of 
insect pests is thoroughly modern and of interest to entomologists of America largely 
because of the emphasis laid upon hand collecting, a method particularly adapted to 
regions where there is an abundance of cheap labor. Here are also found excellent 
directions for the destruction of termites. The table of equivalent weights and 
measures is a valuable feature, especially where a double or treble system exists. 

Chapters 12—23 deal with the principal crop pests, the groupings being somewhat 
unfamiliar to American eyes, namely, Caterpillar Pests of Crops, Grasshoppers, 
Crickets and Termites, to mention a few. There is a brief chapter on Household 
Insects, the paragraph dealing with wasps and bees having a distinctly local color. 
The disease-carrying insects naturally receive considerable attention and in the 
chapter one finds a list of Anopheles with the malaria and filaria carriers indicated 
and a tabulation of the principal diseases of India known to be carried by insects. 
The chapter on some other animals briefly discusses native mice, rats, fruit-eating 
bats, birds and snakes, to mention a few of the more important. This portion of 
the work ends with a list of the principal crops and their enemies. 

The remainder of the volume, pages 264-547, consists of very brief accounts sum- 
marizing the biological data and arranged on a systematic basis. The numerous 
excellent text illustrations and the large series of colored plates, the latter mostly 
reproduced from Indian Insect Life, Fasaler Poka and The Agricultural Journal of 
India add greatly to the value of the work, a compilation which must prove of much 
service to workers in similar faunal regions. 
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Current Notes 
Conducted by the Associate Editor 


W. F. Turner, formerly assistant entomologist at the Alabama Station, is now at 
Vienna, Va. 


The degree of doctor of philosophy was conferred on C. H. T. Townsend, October 
29, 1914, by George Washington University. 


An index to Circulars 101 to 173 of the Bureau of Entomology will soon be issued 
by the United States Department of Agriculture. 


A. W. Jobbins-Pomeroy left for England on October 28. From London he will 
proceed to his post in Southern Nigeria in a short time. 


Mr. W. W. Yothers, Bureau of Entomology, reports some very satisfactory demon- 
stration orchard results in the control by sprays of the white fly and rust mite. 


T. C. Barber, of the Experiment Station at Tucuman, Argentina, who has been in 
New Orleans for some weeks, is about to return to his post. 


The work of Mr. J. R. Horton, Bureau of Entomology, in the New Orleans citrus 
district, principally with the Argentine ant, is developing control results of much 
promise. 


Dr. Burton N. Gates, assistant professor of beekeeping at Amherst, Mass., is 
president of the National Beekeepers’ Association, which meets February 16-18 at 
Denver, Colo. 


Mr. C. H. Hadley, Jr., assistant entomologist at the New Hampshire College and 
Station, has resigned to accept a research position at Cornell University beginning 
January 1, 1915. 


F. C. Bishopp, Bureau of Entomology, made an extended trip to the Dakotas and 
other states in connection with reports of heavy loss arising from insects which at- 
tack horses and cattle. 


According to Science the following entomologists connected with the British Muse 
seum are serving at the front in the European war: Captain E. E. Austen (Diptera) ; 
Lieutenant N. D. Riley (Lepidoptera), and private K. G. Blair (Coleoptera). 


R. W. Moreland and G. A. Runner, Bureau of Entomology, have been detailed 
to examine cotton fields in the vicinity of mills which have recently received foreign 
cottons, to determine whether the pink boll worm has become established. 


C. L. Metcalf, for the past two years assistant entomologist in the State Depart- 
ment of Agriculture, Raleigh, North Carolina, resigned October first to accept the 
position of assistant professor of zodlogy and entomology at Ohio State University. 


Mr. A. B. Duckett, scientific assistant, Bureau of Entomology, is engaged in a 
preliminary investigation of the so-called ‘‘Argentine corn weevil’? in New York 
City and vicinity. 
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Mr. F. M. Wadley, temporary field assistant, Bureau of Entomology, during the 
summer, has returned to his duties as student at the State Agricultural College, 
Manhattan, Kansas. 


Mr. H. M. Russell, Bureau of Entomology, has been granted indefinite leave of 
absence and expects to engage in farming in the vicinity of Phoenix, Ariz., where 
he was formerly stationed as entomological assistant. 


Dr. Jas. A. Nelson, Bureau of Entomology, has completed his work on the devel- 
opment of the honeybee in the egg, on which investigation he has been engaged for 
some time. The paper will be published outside the Bureau. 


Mr. Clarence R. Cleveland, a graduate of the University of Wisconsin, class 
of 1912, and assistant at Wisconsin Agricultural Experiment Station, has been 
appointed assistant in economic entomology at the Agricultural Experiment Station, 
Durham, N. H., in place of C. H. Hadley, Jr., resigned. 


Mr. J. W. Bailey, Bureau of Entomology, who has been engaged for a large part 
of the season in investigations of the onion thrips and other insects in southern Texas, 
has returned to the Mississippi Agricultural.College to resume his studies. 


Mr. Thomas H. Jones has resigned his position at Rio Piedras, Porto Rico, and 
is stationed now at Baton Rouge, La., for the study of insects injurious to truck 
crops and stored products in Louisiana, in codperation with Mr. E.S. Tucker, State 
Entomologist. 


Mr. H. B. Scammell, of the Bureau of Entomology, will spend the winter at his 
headquarters, Pemberton, N. J., where he will make observations in connection with 
investigations of cranberry insects, giving special attention to questions connected 
with flooding of cranberry bogs, hibernation of cranberry insects, ete. 


W. D. Pierce, Bureau of Entomology, investigated the dispersion of the boll 
weevil in the eastern part of the cotton belt early in October, and later began work- 
ing along the same line west of the Mississippi River. The work in the east is being 
conducted by F. L. McDonough. , 


Mr. E. W. Rust, a graduate of Stanford University and for a period an assistant 
of Mr. Townsend’s in Peru, has Joined the inspection service of the Federal Horti- 
cultural Board, and will assist Mr. Sasscer and Mr. Sanford, the latter with the 
Bureau of Entomology, in this work. 


H. A. Morgan, Dean of Agriculture in the University of Tennessee, made a trip 
to Louisiana during October at the request of the Bureau of Entomology. He visited 
the laboratories of Mound, Tailulah, and New Orleans. W. D. Hunter accompanied 
Professor Morgan on this trip and also visited the laboratories at Dallas and Vie. 
toria, Tex. Sar 


Professor E. Dwight Sanderson, Director of the Station and Dean of the College 
of Agriculture, West Virginia University, Morgantown, W. Va., has resigned to 
take effect September 1, 1915. Professor Sanderson was formerly entomologist of 
the New Hampshire Station. It is stated that he will take up graduate studies, in 
some subject other than entomology, in one of the large universities. 


Mr. R. 8S. Woglum, Bureau of Entomology, presented at the recent Fruit Growers 
Convention at Los Angeles a very interesting paper on fruit injury during fumiga- 
tion, showing that such injury is due principally to the hydrocyanic-acid gas enter- 
ing through abrasion or accidental injury to the fruit rather than to the emanations 
of sulphuric acid. 
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Mr. J. D. Neuls, Bureau of Entomology, will conclude his life-history studies of 
date scale insects at Mecca by the end of this year and will then resume his former 
detail as an assistant in the citrus fruit laboratory at Pasadena with Mr. Woglum. 
This laboratory is the one formerly located at Whittier. 


The work on the control of the house fly which has been under way in Washington 
during the season will be continued at New Orleans for several weeks. E. R. 
Barber will conduct the experiments at New Orleans. Mr. Hutchinson will com- 
plete the work at Washington and inaugurate an extended series of experiments to 
determine certain points about the hibernation of the fly. 


The Bureau of Entomology has established a field station at West Springfield, 
Mass., about two miles from the center of Springfield and near the Connecticut line 
where investigations on cereal and forage crop insects will be conducted for New 
England. Mr. Harrison E. Smith has been placed in charge, and the buildings are 
now being erected and will be occupied by the Bureau in February. 


The biological investigations in California of the grape Phylloxera, by the Bureau 
of Entomology, have now been pretty well completed, and Mr. W. M. Davidson 
will spend the winter in Washington, and will be engaged in the preparation of his 
report and necessary illustrations. The field work with remedial measures against 
the Phylloxera will be continued under the direction of Mr. R. L. Nougaret. 


Mr. R. A. Cushman, Bureau of Entomology, who is engaged in an investigation 
of Hymenopterous parasites of the grape berry moth and other deciduous fruit in- 
sects at North East, Pa., is just now on a trip of investigation through Ohio, Indi- 
ana, Michigan, and will later visit the New England States to determine the distri- 
bution and seriousness of the apple seed Chalcis. 


Mr. Wm. B. Parker, formerly entomological assistant engaged in investigations 
of insects injurious to sugar beets, hops and stored products, has severed his connec- 
tion with the Bureau of Entomology and is now engaged as agricultural adviser of 
the University of California, with headquarters at Ventura, Cal. Mr. Roy E. Camp- 
bell assumes the position made vacant by Mr. Parker at the Sacramento station. 


A greenhouse 16 feet 8 inches by 33 feet 10 inches has been built in the yard of the 
insectary of the Bureau of Entomology, to be used for experiments with greenhouse 
insects, including their control by means of fumigants and other remedies, and is 
expected to afford much greater opportunity for testing of insecticides against the 
more difficult pests to control. ‘ 


During October a report on the occurrence of the pink boll worm of cotton at Madi- 
son, Fla., was received by the Bureau of Entomology. Immediate steps were taken 
by several offices in the department to eradicate the pest, but it was found on investi- 
gation by W. D. Pierce that the insect was Batrachedra rileyi, which occurred in 
unusual numbers in bolls affected by the anthracnose disease. 


T. E. Holloway, Bureau of Entomology, reports some striking results from the 
experiments, to determine the effects of the burning of sugar-cane trash during the 
fall, on the sugar-cane borer and its parasites. The infestation by the borer was found 
to be much lighter where the trash was not burned. Presumably this is due to the 
fact that the burning of the trash destroys large numbers of parasites. 


The outbreak of Alabama argillacea during the past season seems to have been the 
most severe for many years. In parts of Arkansas and Mississippi all of the green 
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portions of the cotton plants were destroyed in October. Ordinarily this outbreak 
would have attracted more attention. The peculiar conditions surrounding the cot- 
ton crop of the present year, however, were such that the insects’ injury was not 
generally considered important. 


The studies of the codling moth in Maine, carried out by the Bureau of Entomology 
during the past two years, under the direction of Messrs. E. H. Siegler and F. L. 
Simanton, have been completed and a report, giving the results of the work, will be 
prepared the present winter. It is planned to continue the laboratory in Maine, and 
to give special attention to investigations of the apple bud-moth and apple maggot. 


Mr. E. R. Sasscer recently made a trip of inspection for the Federal Horticultural 
Board, including all the ports of entry along the Mexican border of the United States, 
in relation to the Mexican fruit-fly quarantine and also visited the special experi- 
ment stations under tropical and sub-tropical insects at Mecca and Pasadena, con- 
cluding his trip with an inspection of the Department’s introduction garden at Chico, 
Cal., and after his return several introduction gardens in Florida. 


The Annual Public Address of the Entomological Society of America was given 
Wednesday evening, December 30, by Dr. 8. A. Forbes, State Entomologist of Ilh- 
nois. His subject was ‘Ecological Foundations of Applied Entomology.” The 
meeting was held in the lecture hall of the Academy of Natural Sciences. Following 
the address of Dr. Forbes a history of the Entomological Society of America was 
given by Dr. Henry Skinner of Philadelphia. Dr. Skinner also showed lantern slides 
of some of the early entomologists of America. The exercises were followed by a 
smoker given to all visiting entomologists by the entomologists of Philadelphia. 


As a result of an examination held on April 14, for scientific assistant, and on June 
3, for gypsy-moth assistants, the following 20 men were appointed in the Bureau of 
Entomology. Messrs. D. W. Jones, H. A. Preston, J. V. Schaffner, Jr., and W. B. 
Turner as scientific assistants; W. A. Collins, I. L. Bailey, C. W. Minott, H. W. 
Vinton, D. G. Murphy, E. A. Proctor, A. M. Wilcox, L. E. Gibson, K. W. Brown. 
H. R. Gooch, A. W. Young, W. A. Shinkwin, H. I. Winchester, H. E. Partridge, C. 
B. Russell and D. D. Landers as gypsy-moth assistants. 


Mr. A. J. Ackerman, Bureau of Entomology, engaged in nursery insect investiga- 
tions, West Chester, Pa., will make observations on fumigation methods as practiced 
in nurseries, paying especial attention to the construction of the fumigatorium, 
dosage and other questions of practical importance. Mr. Ackerman spent the late 
summer and fall at West Chester, Pa., in a careful study of the cause of stop-back 
of peach. His observations indicate that this is largely due to attack by the tar- 
nished plant bug, and that the peach bud-mite Tarsonemus waittei, is perhaps but 
little, if at all, concerned. 


On October 23, 1914, the Secretary of Agriculture declared a quarantine on all 
shipments of stone and quarry products from the gypsy-moth infested area in New 
England to uninfested territory. Material of this sort cannot be accepted by trans- 
portation companies unless it has been inspected and certified to be free from the 
gypsy moth. The work is being carried on in connection with the quarantine divi- 
sion of the gypsy-moth work by Mr. D. M. Rogers of Boston, Mass. This quarantine 
should effectively prevent the distribution of this dangerous insect on shipments of 
stone and quarry products, and it is an important step in the campaign which is being 
carried on to prevent its spread. 
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The apparatus used by the Bureau of Entomology in the investigation of bees 
in winter at the University of Pennsylvania, Philadelphia, during the past two win- 
ters has been moved and is now installed in the laboratory at Drummond, Md. 
A small room has been fitted up as a “‘bee cellar” in the basement, in which the temper- 
ature changes will be slow, the room being completely surrounded by planer shavings 
one foot thick. The wiring for the temperature readings is now being installed, 
thermo-couples being used for this purpose. The special scales for taking hourly 
weighings of a colony of bees during winter have been installed in a room on the first 
floor of the laboratory and arranged to weigh a colony in the basement, 


D. L. Van Dine, of the Bureau of Entomology, has returned to Washington from 
his field station at Mound, La. During the season he made a careful study of the 
relation of malaria to agriculture. In this work detailed information was obtained 
regarding the incidence of malaria and the time loss in each of seventy-four families. 
A study was also made of mosquito density in the various classes of habitations and 
the breeding places in the immediate vicinity of the houses were determined. An 
experiment was performed on a considerable scale in removing the cans, bottles and 
other receptacles in the vicinity of the houses, and filling disused wells and old cis- 
terns to determine the effect of such measures on mosquito density. Mr. Van Dine 
presented a paper on his work on malarial mosquitoes at the meeting of the Southern 
Medical Association at Richmond, Va., on November 9. 


At the Boston Domestic Science and Pure Food Exposition held at Mechanics 
Building, Boston, Mass., durmg the month of October, a large Government ex- 
hibit was installed, showing the different activities of the United States Department 
of Agriculture. In connection with this exhibit a special display was prepared by the 
gypsy moth branch of the Bureau of Entomology. This included maps showing the 
infested district which is under quarantine on account of the gypsy moth and the . 
brown-tail moth, and the areas where parasites have been colonized and recovered 
were also illustrated. Several trays containing live parasites breeding on gypsy 
moth eggs and a display of live Calosoma beetles were also included. Posters, and 
post cards, illustrating the gypsy moth and the brown-tail moth, together with some 
of their imported natural enemies, were distributed. A large number of visitors 
manifested a great deal of interest in the exhibit. Mr. R. Wooldridge, who is sta- 
tioned at the Gypsy Moth Laboratory, Melrose Highlands, Mass., was in charge 
of the gypsy moth exhibit. 


The Entomological Society of America elected the following persons as honorary 
fellows at its Philadelphia meeting: John Henry Comstock, Charles J. S. Bethune, 
Charles Henry Fernald, and Eugene Amandus Schwarz. The following were elected 
as fellows: Nathan Banks, J. Chester Bradley, W. E. Britton, C. T. Brues, H. T. 
Fernald, Glenn W. Herrick, J.S. Hine, O. A. Johannsen, A. L. Melander, A. P. Morse, 
P. J. Parrott, Edith M. Patch, A. L. Quaintance, J. A.G. Rehn, W. A. Riley, Annie 
Trumbull Slosson, E. M. Walker, H. F. Wickham, and E. B. Williamson. Dr. E. S. 
Van Dyke was elected as a local secretary to plan and look after the summer meet- 
ing of the society to be held in San Francisco in 1915. The executive committee 
recommended the preparation of a serial publication to be issued under the name of 
the Thomas Say Foundation, which will include catalogues of North American in- 
sects and monographs and memoirs of the same. A preliminary editorial committee 
consisting of J. M. Aldrich, Nathan Banks, Morgan Hebard, A. D. MacGillivray, 
and E. P. Van Duzee was appointed to look after the foundation of this serial. The 
society added one hundred and nine new members to its membership list. 
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A state meeting of the entomological workers in Ohio Institutions was held in the 
Botany and Zoélogy Building of Ohio State University, Columbus, Ohio, January 15. 
The business consisted of effecting a temporary organization and the question of 
permanent organization was discussed: The following papers were presented: Re- 
view of Entomological Work in Ohio, by Herbert Osborn; General Reports from 
Heads of Departments, Organizations; H. A. Gossard, Experiment Station; N. E. 
Shaw, Division of Orchard and Nursery Inspection; H. Osborn, Department of Zo- 
ology and Entomology. Ten-Minute Reports by Individual Investigators. (1) 
Experiment Station. J. 8. Houser—Coccide of Ohio; R. D. Whitmarsh—Nezara 
hilaris and related species; W. H. Goodwin—Grapeberry Worm Control; J. L. King— 
Peach Borers; D. C. Mote—Ox Warble Fly. (2) Division of Nursery Inspection. 
E. J. Hoddy—Result of Tests of Insecticides and Fungicides; W. H. Evans—Inspec- 
tion of Imported Nursery Stock; H. J. Speaker—Gypsy Moth Outbreak in Ohio; 
EK. R. King—Apiary Inspection and Bee Diseases. (3) Department of ZoGlogy and 
Entomology, Ohio State University. Jas. 8. Hine—Apiculture Work, Diptera of 
Ohio; Wm. M. Barrows—Spiders of Ohio; C. L. Metcalf—Insects Related to Health; 
W. J. Kostir—The Catalogue of Ohio Orthoptera; C. J. Drake—Hemiptera-Heter- 
optera of Ohio. The meeting closed with a discussion of the projects to be con- 
tinued and inaugurated during the coming year. 


Scurfy Scale on Norway Maple (Leucaspis japonica Ckll.) Last fall we received 
from the Frost & Bartlett Company, Stamford, Conn., twigs and leaves of Norway 
maple and also privet showing a somewhat severe infestation by the above-named 
insect. It was reported as having caused considerable injury. The scale has 
much the shape of that of Lepidosaphes ulmi Linn., except that it is somewhat 
broader. It is a small species, being only 1.5 to 2 mm. long and a dull grayish 
white—pure white when the scale is first secreted. The twig submitted for exami- 
naton was thickly infested, while small numbers of the scale insects had established 
themselves at the base of the principal leaf veins, with scattering individual sranged 
along the veins to the middle of the leaf. The absence of the tricarinate male scales 
characteristic of Chionaspis, serves at once to distinguish the common scurfy scale 
from this much rarer form. 

The literature relating to this species is very scanty. It was described in 1897 by 
Professor Cockerell from specimens taken on broom, shipped from Japan, by Mr. Alex. 
Craw the preceding year, and subsequently it was found by Mr. Craw on Magnolia 
souliana and maples, species not indicated, from the same country. There are 
specimens in the New York State collection on orange, received from Mr. I. Kuwana, 
Japan, which, while closely allied, do not appear to be identical with the form taken 


on Norway maple. 
E. P. Fer. 
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Afternoon session, Tuesday, December 29, 1914, 2.00 p. m. 


PRESIDENT H. T. FERNALD: We will now listen to a paper by W. 
W. Yothers. : 


SPRAYING SCHEME FOR THE CONTROL OF INSECT PESTS 
ON CITRUS TREES IN FLORIDA 


By W. W. Yoruers, Bureau of Entomology, Orlando, Florida 


Of the total damage caused by insects to citrus in Florida more than 
95 per cent may be attributed to six species. The most destructive is 
the citrus white fly (Aleyrodes citri R. & H.) which now infests nearly 
all the groves in the state. The second most destructive pest is the 
purple scale (Lepidosaphes beckit Newm.) which is found in greater or 
less numbers on every citrus tree in the state. According to my ob- 
servations the rust mite (Hriophyes oleivorus Ashm.) ranks third. The 
Florida red scale (Chrysomphalus aonidum L.), the cloudy-winged 
white fly (Aleyrodes nubifera Berger) and the red spider (Tetranychus 
sermaculatus Riley) are also of primary importance. It has been the 
object for several years to perfect a spraying scheme which would 
largely eliminate the damage caused by these pests. There are also 
several pests of secondary importance such as the woolly white fly 
(Aleyrodes howardi Q.) and the purple mite (Tetranychus mytilaspidis 
Riley), which this spraying scheme will also pamety or completely 
control. a 

'As a general proposition the time to spray for the control of all 
pests on citrus trees is when they are present in such numbers that, 
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if left to reproduce without artificial hindrance they would soon be- 
come injurious. In other words, the pests should be killed before they 
do much damage to either the tree or fruit. The pests should always 
be kept in such a state of subjection as to do little or no damage. In 
case the various pests to citrus trees are permitted to become so abun- 
dant as to cause damage, the profits which might be derived from arti- 
ficial treatment, such as spraying with an insecticide, are, to a certain 
extent, lost. The life history and habits of nearly all pests on citrus 
trees are, fortunately, such that good and satisfactory results can be 
obtained any time the spray is applied. While such is the case there 
are times when it is opportune to spray. These periods come when the 
largest percentage of the insects is in the youngest stage, which is the 
one most easily killed. 

The following spraying scheme has been used quite extensively for 
three summers and has generally given satisfactory results. It must 
be admitted, however, that no hard and fast scheme can be given, and 
the number of sprayings depends to a large extent on the thoroughness 
of the work. 3 

I. Pararrin-OiL EmMuisions; Government formula 1-50 or 1 per 
cent of oil—May. The main object of spraying at this time is to kill 
the white fly, scale insects, and to a large extent rust mites, although 
this treatment must not be relied upon to control the last. This spray- 
ing should be given after the adults of the first brood of white flies 
have disappeared and before the appearance of those of the second 
brood. The fruit should be an inch or more in diameter when the 
spraying is done. This treatment should be given before the beginning 
of the rainy season, so that the beneficial fungi will take care of those 
insects which are not killed by the spray. 

II. Limg-SuLPHURSOLUTION, 32° Baumé, 1-50 to 1-75—June to July. 
The main object of this treatment is to kill rust mites and the oppor- 
tune time for its application varies with the appearance of the maxi- 
mum number of the rust mites. It should be applied before the mites 
get very abundant and before any russeting appears. . It will also kill 
some scales and white flies, but is of little value for that purpose. 

III. Pararrin-O1L Emuusions; Government formula 1-50 or 1 
per cent of oil—August 25 to October 31. This is the second spraying 
for the white fly and scale insects. The object of sprdying at this time 
is to kill all the white fly larvee which are the progeny of the third and 
last brood. It is this brood which causes nearly all the damage from 
the white flies, and the earlier they are killed the better it is for the 
tree. This spraying also comes after all the beneficial fungi have done 
their work. This will also remove the sooty mold from the trees and 
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sufficiently from the fruit to permit the sun to color it up. Soda-sul- 
phur 1-50 may be added to this spraying and this will increase its ef- 
fectiveness in killing rust mites. 

IV. Lime-SuLpHurR SoxvutTion, 32° Baumé, 1-50 to 1-75—November 
or December. The object of this spraying is to kill rust mites and it 
may or may not be necessary, depending on the abundance of the 
mites. 

It may be necessary to spray for rust mites before No. 1 is given. 
In case the red spider becomes abundant enough to be injurious, a 
spraying with lime-sulphur solution should be given. It may also be 
necessary to spray three times with the oil sprays, in which case this 
treatment can be given in midsummer or in winter. If the red scale 
is very abundant, two sprayings with the oil emulsions should be given 
at intervals of about a month. 

The paraffin-oil emulsion may be made according to directions given 
in Circular No. 168, Bureau of Entomology. In addition to the above 
there are two miscible oils on the market in Florida which are highly 
satisfactory. ‘The soda-sulphur solution is made according to the 
standard formula, 30 pounds sulphur, 20 pounds caustic soda, 20 
gallons of water. This tests about 16° Baumé and may be used 1-40 
instead of lime-sulphur solution but it is not so effective in control- 
ling rust mites. It has the advantage of the lime-sulphur solution in 
that it will mix with the oil emulsions. To follow the above scheme it 
will cost from 20 cents to 35 cents a year per tree. It costs one grower 
20 cents for trees of about five-box capacity or-4 cents per box. An- 
other did the work for 32 cents for eight-box trees or 4 cents per box. 
It cost several other growers 3, 3, 6, 7, and 8 cents per box respectively. 
A maximum figure would be 8 cents per box. 

Even though this scheme is not strictly adhered to it will result in 
raising the grade of the fruit. The second grade will become first, the 
third will be largely eliminated, and the culls will almost disappear. 
The increase of production due to the increase in size of the fruit re- 
sulting from the elimination of the rust mite will be from 124 to 25 
per cent, amounting approximately to two million boxes. The devital- 
izing of the trees by the insects would be eliminated and the trees 
would then expend their vitality to produce fruit instead of nourishing 
insects. This would also increase the quantity and quality of the fruit 
and make a crop more certain from year to year, which would be crop 
insurance. It is a conservative estimate that the total benefits which 
would be derived, if this scheme was followed throughout the state, 
would be not far from an increase of production of a minimum of 25 
per cent over that which is the result at the present time with a total de- 
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pendence on the beneficial parasitic fungi. The appearance of the fruit 
on the market would be vastly improved. The total dependence of the 
Florida citrus grower on natural enemies for the control of the pests on 
citrus trees is a delusion. 

February 2, 1915. 


Presipent H. T. Fernatp: The next paper on the program will 
be read by P. J. Parrott. 


AN ANALYSIS OF SPRAYING METHODS AGAINST THE 
CODLING MOTH 


By, Re JC PARROTE 


One who has at heart the permanent prosperity, extension and 
normal development of fruit-growing in New York can hardly fail 
to be impressed with two facts: (1) The increased planting of apple 
trees, so that the care of orchards frequently over-shadows all other 
farm operations, resulting in an unbalanced state of farming; and 
(2) the growing necessity of more frequent and thorough applications of 
spraying mixtures. In addition to scab, scale and codling moth, 
it is now the lot of many orchardists to have to contend against fruit- 
puncturing capsids and leaf and fruit-infesting aphides; and spraying 
for these has become a regular part of the routine prescribed by the 
latest and most approved spraying schedule. The cost for spray 
materials is also increasing. Formerly lime-sulphur and arsenate 
of lead sufficed for the principal ills that the apple is heir to, but now 
the grower must needs use lime-sulphur and lead, plus other sub- 
stances; and according to present usage nicotine is the most popular 
third constituent in the combination of spraying materials. is 

Individually and collectively the growers of New York are con- 
fronted with what may prove to be a great economic problem. In 
addition to the necessity of maintaining a high state of culture at 
increasing expense, they are apparently facing a period of diminishing 
returns. As a result more serious thought than ever before is being 
given to a study of methods of producing maximum yields of high- 
gerade fruit at minimum cost. A partial solution of the dilemma is 
to improve spraying practices, at least as to the character, if not 
number, of the treatments. In spite of present methods, injurious 
insects are responsible for great reductions in financial returns. More- 
over, in addition to direct losses, failure to maintain a high level of 
spraying practices may have the effect of neutralizing, if not actually 
destroying any benefit by other standard operations, as pruning, 
thinning, cultivation, ete., so essential today for the upkeep and 
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profitable production of the orchard. The objection to such a prop- 
osition by the average orchardist at first thought is, I fancy, that of 
cost; it being urged that most growers are already putting more into 
this operation than can be afforded, and one which, in addition to 
other objectionable features, calls for a cash outlay. A study of 
orchards under Station control suggests that the problem is in reality 
not so much a matter of cost.as a matter of time,—to find time to spray 
the trees thoroughly at each critical period, and yet not neglect other 
orchard operations or other crops when they too demand proper 
attention. 

As to expensiveness of spraying, the Auchter! orchard, now in 
its fourth decade, has yielded the Station during the past decennium 
a net profit per year of $120.60 per acre. On the cost sheet for a 
barrel of apples are nine items of expense amounting to $1.29, which 
covers the growing, harvesting and delivery of the fruit to the rail- 
road station. In order of importance as regards extent, spraying 
ranks as fifth in the list, and amounts to only 73 per. cent of the whole 
cost involved in producing a barrel of apples for the market. This 
sum is not large, and considered in the light of losses sustained, it 
appears that more money could well be expended for spraying oper- 
ations. Under present conditions this would necessitate more spray- 
ing rigs and additional crews of men, with the attendant difficulty of 
finding profitable employment for both horses and men when their 
presence was not needed in the orchard. ‘These considerations 
suggested the wisdom of purchasing and testing out a high-pressure 
outfit as one possible means of developing economy and raising the 
efficiency of spraying practices in New York. It was thought that 
with an outfit of large capacity and power not only could more acres 
of orchard be sprayed within a given time, but that with a great vol- 
ume of spray under high pressure, more effective work could be done 
against such pests as fruit-puncturing capsids, pear dabei apple 
aphides and perhaps the codling moth. 

Because of unfamiliarity as regards the essentials for such an out- 
fit we sought the advice of Dr. A. L. Melander and, in accordance with 
his specifications, we purchased a spraying machine which is capable 
of maintaining a pressure of 300 pounds or more and discharging a 
flow of spraying mixture as high as fifteen eallons per minute, with a 
set of four “Clipper” nozzles. The hose was in two lengths of fifty 
feet, furnished with extra long couplings and equipped with eight-foot 
brass-cored extension-rods. The outfit, when carrying a load of two 
hundred gallons of spray, had a weight of about 3600 to.3800 pounds, 
which is less than that of some machines we have used in the past. 


1 Geneva Bulletin 376, 1914. 
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Of the various experimental activities conducted also under the 
immediate supervision of one entirely familiar with the western 
methods of high-pressure spraying, two projects are at this time of 
special interest: (1) Penetration of spraying mixtures to lower calyx 
cavity of apples by high and low pressures, using respectively Bor- 
deaux and Vermorel nozzles, and (2) Comparative effectiveness of 
high and low pressures with the foregoing two types of nozzles against 
the codling moth. 


PENETRATION OF LOWER CALYX CAVITY 


In the experiments against the codling moth it was obvious at the 
outset, that notwithstanding what system was being followed, only 
a very small percentage of the young apples showed penetration to the 
lower calyx cavity by the hquid. In order to get further data on this 
point it was decided to stain the spraying mixture, which was accom- 
plished by using ten packages of ‘‘ Diamond Dye, Crimson”’ to about 
ten or fifteen gallons of the liquid. The dye was added during the 
course of the regular spraying operations, as demanded by the tests in a 
Baldwin orchard, but as soon as the colored spray was being discharged 
at the nozzles the operators were urged to take special pains to do 
thorough work, shooting as it were the spraying mixture into the 
throat of every blossom. Immediate examinations substantiated 
previous observations, but in order that closer inspections could be 
made, whole clusters of apples were removed from the trees and 
examined in the laboratory under a lens, where the condition of each 
fruit with respect to the penetration of the liquid was noted. The 
data, as finally classified, is contained in the following table: 


TaBLE I. SHowinG PENETRATION BY BORDEAUX AND VERMOREL NozzLEs 


Vermorel Nozzles Bordeaux Nozzles 
ConpDITIONS OF CALYx Cavity 

No. Per cent No. Per cent 
Atpplestexamined aes aru ag ie NINE ee yt iD nae ae Nea orale 135 62 
Apples: with: sprayiin lower Cavity. clos ccleseeiacle Aeoen 0 \ 0 
Apples stained at point of contact of stamens.............. 9 6.6 5 Sal 
Apples with traces of stained pollen in lower cavity........ 32 DOr, 12 19.4 
Apples with considerable stained pollen in lower cavity...... 21 15.6 13 2180") 
Apples with no stained pollen in lower cavity.............. 82 60.7 37 59.7 


COMPARATIVE EFFECTIVENESS OF H1icgH AND Low PRESSURE SPRAYING 
AGAINST THE CopLING MoTH 


In view of the foregoing figures it is now of interest to note the 
results of spraying in this orchard with respect to the protection 
of the crop by the two methods of spraying. Arsenate of lead was 
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used in amounts varying from one to three pounds to fifty gallons 
of water. The strength of lime-sulphur was one gallon of concentrate 
testing 32-34° B. to forty gallons of water. Applications were made 
with pressures of 300 pounds or more with Bordeaux nozzles and 
about 200 pounds with Vermorel nozzles. 


Tap te IJ. SHowrne Resutts rrom HicH anp Low Pressure SPRAYING 


End Wormy Side Wormy 
Conditions Sound Apples i Poe pee 
No. | Per cent} No. Per cent 
Wermore) 3)lbs: to 50:..........: 7603 60 0.72 645 7.76 8308 8.48 
Mermorelwoslbe G0 00.25... 00265. 6192 45 0.67 515 7.63 6752 8.30 
Bordeax silbsyto 50:.2.....5.... 7532 22 0.28 406 5.10 7960 5.38 
Bordeaux a lbs, to50............ 3376 6 0.17 229 6.34 3611 Gril! 
Bordeaux: 1 bpto 50. ......2-..-+ 6427 TH 1.02 439 6.33 6937 7.35 
Bordeaux: bOrp0. ss... o.2. s/s - 5079 40 0.73 340 6.23 5459 6.96 
WeEMOorelaclalbtOVDO0. 2 sc. os oss « 5417 53 0.89 464 7.82 5934 8.71 
Vermorel) tb: t0.50............. 5286 111 1.92 384 6.64 5781 8.56 
Bordextxe 2 bs towp0: ..........- 7361 20 0.26 330 4 28 7711 4.54 
Bordeaux Qibssto50.:.......... 7710 53 0.66 307 3.80 8070 4.46 
Vermorel L. 8S. & Lead 1-50...... 5880 103 1.56 601 9.13 6584 10.69 
Bordeaux L. S. & Lead 1-50...... 8331 123 1.34 693 7.58 9147 8.92 
GHECIN ER Ret hee lee wags e ee 5968 318 4.45 866 193.541 7152 16.56 
Clad k: ¢ a SAG ed nee 5280 234 3.56 1055 16.06 6569 19.62 


. 


The data as presented are based only on preliminary experiments 
which were conducted during the past season under the efficient 
direction of a western expert in order to familiarize our entomological 
staff with the methods of high-pressure spraying; and there is no 
necessity for anticipating conclusions. However, it is apparent that 
the results, while of interest to professional workers, have a practical 
bearing. To follow the advice that “the spray be directed from above 
and be driven squarely against each blossom” in a typical apple 
orchard in western New York composed of trees that are high and of 
great expansion, would raise a lot of new problems, involving largely 
the surmounting of practical difficulties that would not prove easy to 
conquer; in fact, if the season’s experience is a criterion, would stir 
up more hares than one would care to run down. On the other hand, 
if penetration of the lower calyx cavity is not really necessary under 
our conditions, then the needs of the orchardist can be met with a 
broad sweeping spray. From this standpoint a high-pressure out- 
fit would still possess merits—rapidity of discharge and carrying power 
of the spray, affording possibilities for economy of time and a wide 
field for the development of higher standards of spraying than now 
generally prevail. 
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Mr. C. T. Brurgs: I am very much interested in this paper, for, 
as you know, somewhat similar work with high-pressure spraying 
has been done in the West by various entomologists. I must admit 
I am not quite familiar with the percentages of sound fruit which are 
generally obtained in the most successful work in the West. If Mr. 
Parrott can tell us what the percentages are I would like to know. 

Mr. P. J. Parrotr: By means of high-pressure spraying they have 
been able to grow apples in the West that run 95 to 97 per cent free 
from injury by codling moth. On the other hand, it is reported that 
by the use of Vermorel nozzles great losses to the crops are sustained. 
Evidently eastern and western entomologists, as far as control of the 
codling moth is concerned, are working under different conditions. 

Mr. C. T. Brurzs: Dr. Melander is also of this opinion. I saw 
him for a few hours after his return from the experiments in New York, 
and I judged from what he said that the sprays failed to penetrate, at 
least to the extent that normally occurs in the West. Is it not possible . 
that there is difference in the position of the floral parts? 

Mr. P. J. Parrott: I believe that is the pith of the matter. 

Mr. E. P. Feut: I would like to ask at what time in the devel- 
opment of the blossom was the spraying done—after the stamens 
were dry or were they still green? 

Mr. P. J. Parrotr: The petals had dropped and the stamens were 
commencing to shrivel. 

Mr. E. G. Tirus: How near did you get to the blossoms and did 
you actually drive the spray in? — 

Mr. P. J. Parrott: In the case of the apples, which were exam- 
ined to determine the extent of the penetration of the colored spray, 
the nozzles were held quite close to the fruit during spraying opera- 
tions. These showed no penetration, but it should be stated that in 
the course of the various experiments the spraying mixture was some- 
times found in the lower calyx cavity. Certain it is that, under the 
conditions in which we were working, it was not an easy thing to force 
the spray through the different structures in le calyx cup of the 
Baldwin apple. 

Mr. A. L. QuarnTaNcE: For the last two or three years the Bu- 
reau has been making a comparative study of the calyx cup in eastern 
and western apples and it shows that the western apple has a much 
more open arrangement of the stamen bars than the eastern apples, 
and this explains the situation. The position of the western entomolo- 
gist and the position of the eastern entomologist are accounted for 
by the difference in the arrangement of the stamens. 

Mr. P. J. Parrorr: In the October number of the American Nat- 
uralist there is an article by Mr. W. J. Young which clearly explains 
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the variations in apples due to differences in environment. I hope 
later to add more to this phase of the question. 

Mr. W. M. Scott: There is another question that Mr. Parrott’s 
paper raises and that is the question of pressure. I think that we 
have been somewhat extreme on that point. The spray pump people 
have vied with each other to put out machines that would give the 
highest pressure and deliver a large quantity of material per minute. 
The result has been, according to my observation, injury to fruit and 
foliage by an excess of spraying material in the first place, and in the 
second place (and IJ think not an unimportant point either) by actual 
mechanical injury from driving spray under high pressure. 

I have been knocking around over the country quite extensively 
in the last couple of years, looking into just such matters, and I fre- 
quently find apple crops injured by arsenate of lead and lime-sulphur 
solution. Upon making inquiry I find that most of that injury is. 
found in orchards where high-pressure machines have been used. 
Professor Quaintance and I, a few years ago, conducted a codperative: 
experiment in the use of lime-sulphur solution and arsenate of lead 
in spraying apples under high pressure. IJ think we had 300, possibly 
350, pounds pressure and on the trees that we sprayed under that 
pressure, the foliage was badly injured and the fruit badly burned— 
to the extent perhaps of 50 per cent loss of the crop. Whereas the 
adjacent trees sprayed with the ordinary outfit, using the mist type 
of nozzle, did not show the injury—or at least not very much of it. 

I think that is a point we ought to bear in mind in recommending 
applications with high pressure machines. 

Mr. E. G. Tirus: In Utah it appears that 125 pounds is suffi-. 
cient so far as pressure is concerned. The ordinary barrel pump will 
give sufficient pressure with the ordinary driving spray and will give 
better results than a 300-pound pressure outfit. It has been done 
many times. So far as penetration is:concerned, we can penetrate 
with this pressure in a very high percentage of cases. In some recent 
experiments against the fruit-tree leaf roller, in which the question 
of the codling moth came in, I had no trouble at all with an ordi-. 
nary barrel pump in getting less than one-tenth of one per cent calyx. 
wormy, and less than five per cent side worms in the orchard, and I 
am certain that we did not get a hundred-pounds pressure. On 
another orchard we used a power pump, but didn’t attempt to get 
over 150 pounds at any time—I do not think it is necessary. The 
very high pressures not only injure the apples, but they actually 
blow some blossoms right off the limbs. 

Mr. Watkins: Perhaps you would like to know the policy of the- 
University of Illinois. For five years we have been recommending: 
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pressure at 125 pounds and nothing higher. This past year we have 
estimated that we had 1800 per cent moth, that is, 18 worms for every 
unsprayed apple. 

In our 1914 pressure experiments similar to Mr. Parrott’s, we found 
that a pressure of 125 pounds controlled the moth more efficiently 
than 250 pounds. We also found that nozzles which produced a mist 
spray were preferable to the Bordeaux nozzle. 

Hence I believe in using and continuing to use things which we 
know to be effective in our own orchard. The trouble I find in our 
experiment station work is that growers are in the habit of taking 
up with any new hobby that comes along. Because Professor Melan- 
der in the State of Washington is successful in controlling the codling 
moth by using high pressure, it is no sign that we can have equal suc- 
cess with the same methods here. We can probably get good results 
regardless of the number of poisoned particles which lodge in the calyx 
cup. 

Mr. A. L. QuaInTANcE: I take the liberty to speak again to en- 
dorse the remarks made in regard to pump pressure in spraying. A 
good deal of evidence is accumulating which indicates that very 
thorough work may be done in the control of the codling moth by a 
much lower pressure than is currently believed. I would not be 
surprised that we shall find that from 125 to 150 pounds pressure, 
with good thorough spraying, will answer, as well as 200 or 250 
pounds pressure. Coarse nozzles, of the Bordeaux type, at least 
under eastern conditions, do not seem to give superior results in the 
protection of fruit than Vermorel or Eddy Chamber nozzles, and the 
latter, as is well known, are much more economical of the spray 
liquid. 

Mr. E. N. Cory: Have you had any experience with the airtight 
sprayers run at 175 pounds pressure on the principle of the atomizer? 

Mr. WartxKINs: The airtight sprayers have changed this year so 
that it is impossible to justify any recommendations. Last year they 
were run by a two-cycle engine and no agitator; this year they have a 
four-cycle engine and an agitator. The University of Illinois spraying 
specialist is pretty strong for an agitator, and we did not get one there 
- last year for the simple reason that it did not have an agitator. This 
year, since it is made with an agitator and the four-cycle engine, it is 
our intention to test it. I know of several machines that were 
turned back to the company last year. 

PRESIDENT H. T. FerNaup: The next paper on the program will 
be given by Mr. Shelford. 
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SUGGESTIONS AS TO THE ORIGINAL HABITAT AND DIS- 
TRIBUTION OF VARIOUS NATIVE INSECT PESTS 


By V. E. SHELForD, University of Illinois 


I. IntRopuction.—Before Eastern North America was put under 
agricultural conditions it was densely covered with forest west to the 
Illinois and Mississippi Rivers, and with conifers to the north, Fig. 10. 
Along the western border of the forest was a belt of prairie or savanna 
which consisted of groves of forest, stream skirting forest, interspersed 
with moist grassland. To the west of this were the arid plains along 
the rivers of which was moist area vegetation. Considering the for- 
ested portion of this we cannot too much emphasize the fact that it 
was continuous forest entirely different from the present open aspect. 
The forest was broken in the eastern portion by rivers and marshes 
and sand dunes of the lakes and coast, which formed an insignificant 
portion of the entire area. In addition to this there were small 
“islands” of moist prairie scattered eastward north of the Ohio River 
as far as central Ohio. 

Scarcely any of the pests of forage or garden crops are forest animals, 
and only a few orchard and small fruit pests are strictly so. When we 
consider that these pests have made their way in Eastern North 
America at least, on to planted crops where ever and as fast as these 
have been put out, we must explain their presence either by assuming a 
rapid migration with the development of agriculture and the clearing 
of the land, or we must assume that these animals were present 
through-out the forest area before agriculture was introduced. 
While some species have migrated beyond doubt, others have in all 
probability notd one so. 

II. THe OrieinaL Hapirat or Native Pests.—A close study of the 
habitat preference of various insects appears to throw much light upon 
the original habitat of a great many native pests. Taking first the 
insects which frequent garden and forage crops and which are widely 
distributed, an inquiry into their habitat shows that they fall into two 
classes, (a) those frequenting low moist situations, and (b) those pre- 
ferring higher and drier ground. An examination of the fragments of 
primeval vegetation likely to support such insects shows that the mois- 
ter situation frequenting species are found along the margins of ponds, 
(Pl. 7, fig. 1), lakes, rivers and even on the vegetation growing in the 
water, and on marsh meadows or grassy areas covered by water in 
spring but dry in summer. 

Taking Sanderson’s recent work on insect pests and Forbes’ report 
on the insects of the Indian corn plant and comparing them with lists 


172 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. & 


4 
aT 


ey x 


PAIS 


iw. 


Goals 


Xx 


ESTE Coriterous Forests 
ee Os] 

eeeise Decrduous Rovests. 

Prarries 


[Eexal Plains. 


ENT. 


Figure 10—Showing the distribution of vegetation in North America before it was 
put under agricultural conditions. The shaded ‘“‘prairie”’ area may be regarded as 
the original center of abundance of agricultural pest species. 


of species taken by the writer on the margins of ponds and lakes such 
as are shown in Plate 7, figure 1, we find that one third of the phyto- 
phaga listed are mentioned by one or both of these authors. A com- 
parison of lists of species taken from the margins of sandy depressions 
such as occur about the lakes and larger rivers and we find again roughly 
one-third of the species mentioned by one or both of these authors. 
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In the forest area lakes and ponds formed by glaciation and the 
“oxbows”’ by rivers often filled with vegetable detritus and become 
covered over with a low wet meadow, a part of which may be under 
water in spring. Such situations were originally common throughout 
the eastern portion of the United States, particularly where glaciation 
has taken place, but are by no means wanting in other localities. 
These moist meadows nearly always were surrounded by forest and 
the boundaries between them were forest edges. A forest edge is a 
thicket made up of rank weeds on the side nearest the meadow; inside 
of these are various shrubs arranged in belts and increasing in height 
as we go toward the forest. Considering the marsh meadows and 
associated forest edges we find on comparing lists of species collected 
from these situations with the works mentioned above, that more 
than one-half of the phytophagus species are mentioned as impor- 
tant. 

Turning to the species which frequent the higher and drier ground 
and which are found under the same conditions as crop pests, we find 
that the steep lake (PI. 7, fig. 2) and river bluffs, the bare rocks expos- 
ures upon which trees do not grow, support numbers of them. The 
bare steep bluffs are the haunts of the dry bare ground frequenting 
forms like Dvssoste:ra carolina and the vegetation supports aphids, 
locustids, and beetles of great economic importance. 

The forest encroaches upon these situations as a shrub thicket sim- 
ilar to the moist forest edge. These shrubby thickets are made up of 
hawthorn, wild plum, with occasional cherry, gooseberry, cottonwood, 
willow, etc. These are the headquarters of the pests of small fruits, 
apples, etc., and preéminently the headquarters of the orchard birds. 
These shrubby thickets of the river banks, etc., are duplicated on the 
flood plain itself where hawthorn, grape, currant grow either in open 
scattered formation or in dense thickets. These thickets support the 
majority of our native pests of the fruit-bearing trees and shrubs. 

Ill. THe Oricinat DistRiBuTION oF Native Prsts.—Considering 
the distribution of the marsh and moist vegetation inhabiting species, 
we find that on the whole it is exceptionally wide, and similar to the 
distribution of the marshes themselves, and within wide range of cli- 
matic conditions represented by the greater part of the United States 
and Southern Canada (except the arid southwest) and a northward 
extension in the plains and prairie region of western Canada (Fig. 10). 
Some of the species common in the swamps of New England may be 
found on the prairies at Edmonton and the grassy marshes of the lower 
Mississippi and along the irrigation ditches of the Rio Grande in New 
Mexico. 

The species occupying the higher drier bare ground, and scattered 
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vegetation growing upon it were not distributed essentially differ- 
ently from the above, but were near to water in the more arid climates. 

The native pests of our fruit-bearing shrubs and trees were originally 
less widely distributed than the others because the thickets which sup- 
ported them were less widely distributed, being confined more generally 
to the deciduous forest area (Fig. 10) and the savanna or moist 
prairie area. 7 

IV. CENTER OF ABUNDANCE OF NATIVE PEst SpEcIES.—We cannot 
too strongly emphasize the unbroken character of the original forest of 
the area shown as forested in the map (Fig. 10). Accordingly the pest 
species referred to above were crowded into the cracks of the forest and 
scattered along the river margins of the great plains. The area shown 
as prairie in figure 10 is made up of moist grass land, river skirting 
forest with groves away from the rivers making the forest edge or 
thicket of hawthorn and plum a very important habitat in this region. 
With the extensive moist grass land areas mixed with this, the space 
available for pest species was great. We may consider the original 
center of distribution and abundance of native pests as lying within 
the area of ‘‘ prairie” or savanna shown in figure 10. 

V. THe Expansion oF Local RANGE OF PEST SPECIES UNDER 
AGRICULTURAL CONDITIONS.—With the clearing of the land and the 
putting out of crops in the forest area, the habitats of the pests in the 
cracks and corners in the forest was expanded to cover the agricultural 
lands as far as they were cleared. With the building of roads the road- 
side ditch, roadside thicket and the road itself made a complex support- 
ing all of the various types we have mentioned (Fig. 3). Thus the 
local species of primeval conditions took on a general distribution 
under agricultural conditions. 


EXPLANATION OF PLATE 7 


1. A pond margin; a type of situation of very wide distribution in North America— 
one-third of the phytophagus insects taken here are mentioned by Forbes and Sander- 
son. 

2. Dry clay bluff supporting such forms as Dissosteira carolina and the vegetation 
of which supports the Xiphidiums, aphids, and plant bugs common on crops grown on 
high dry ground. 

3. A roadside habitat combining most of those mentioned in the paper as normal 
to primeval conditions. 


PresIDENT H. T. Fernaup: The next paper on the program will 
be by Mr. E. G. Titus. He will speak on ‘‘ A Clean Town Contest. ”’ 


Plate 7 
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A CLEAN TOWN CONTEST 
By E. G. Tirus, Logan, Utah 


This movement has been carried on to some extent in other states 
and has been supported by mayors, officials, boards of health, and so 
on, but we intended it to be a state contest. A year ago we started 
work upon this Utah contest and on the first of June, 1914, we had 
fifty-six towns entering the contest. These were divided according 
to population, Salt Lake and Ogden being of course the largest. In 
the next class, 3,500 to 9,000 towns, three out of the four in the state 
entered. The next class 2,500 to 3,500, seven towns entered out of 
eleven in the state; in the next class, 1,500 to 2,500, ten towns out of 
sixteen entered; Class “E,” 750 to 1,500, eleven out of twenty-eight 
entered; and in Class “F,”’ towns under 750, there were fifteen out 
of thirty-eight that could have entered the contest. We had a fairly 
representative number of towns in the state entered. A number of 
prizes were offered by the Utah Development League. In a number 
of towns that went through the competition there were also side prizes 
for better lawns, best appearing lots, best flower gardens, best equipped 
places in the business section of the town, etc. 

The following are the final scores of the towns entered and scored: 
Crass “A”: Cities of 25,000 and over. 


SUS... ei eA oa bs ctr ee et re a 73 
“Sli LVR. 2 beth SERIE eee he chee AaB ates Sc a Con 70 
Cuass “B”: Towns of 3,500 to 9,000 population. s 
SEVERE 2 yen GS oe le eee 70.6 
LPT oS nc Geo © cuORE GREE SO CREEL: “Ree eo OIIEE Meas AGG IDO 64.6 
© TUESPES ct es Se RE REI a 46.5 
Crass “C”: Towns of 2,500 to 3,500 population. 
TAGE 2 2 Aga SRE ag eee ee nr Tile 
“SULTS E UOT a Me A o> aici ee iran ne a 62.5 
STSTID WTS g pel Bie Bae eka are ea a ar Carin pean ee cy, he 61.8 
DEIN TVELG I SAS cs Sloe A iin AO oR oe, ae ter Men ig a Ep ee a 59 
12d CGMSH Ga. eae ae Send Be oA gl mo a 59 
A AGT TI, TROIS Fel OA one Roa) as cee ea han SP tee 590.5 
ai) rg te nT ae i Pt wet. shots, Al 
Ciass “ID”: Towns of 1,500 to 2,500 population. 
BTML Sete oe ocean ite 5 Os cone ice carmela Ne iirc RSE che cS ea as 82.5 
SHE (GOD 5 G0 0S etre Oe Eom ta Se OI Se Oe 70.5 
BGRSIGEL Ao Be MASE SOR ee Coole te HERO co.e Lue Ci one ceria ean aA oP 70 
SIRT MTVElCU oe a Lec Gach Bhs be ele PG ae ee 69.3 
‘OG aie Ogee ac = Ges oie Be EE UN Le Pati cE Ree eon ae arene 65.0 
EEF RNT CEN CL gre tar Pe” ee eh ea Sie Say cw Giorele Wie alee wes 52 
IUGR GRIT G TOO 0 coho Odo bem eos Be ae eee a ana ne omen olt 
LEANN, Cede: Seid sie icin Bowe OrCAD a ee ae 43 
JEG TUAUITA TN Le A cis Scns en Sa RS a a ee 40 
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Crass “Hh”: Towns 
Far netone 
Fairview 


Morgan....: 
hee owis 
Hurricane 
Mapleton 
Millville 


CLASS 


ohio, yep ae 


Randolph 
‘Tremonton 
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The following notice gives the system of scoring: 


INSPECTION 


62 


oT 


Inspection of the towns will begin August 17th and continue until all Sie the 
contest have been inspected and scored. No information will be given as to date 


when inspection will be made. 


Alltowns must be ready for inspection. 


Towns WILL BE SCORED ON THE FOLLOWING POINTS 


1—Sewage: Disposal of—privies, cesspools, etc 


Basis 100 


2—Stables and corrals, disposalof manure, etc. ..:. 1.5. . Asse eee 


3—Garbage, collection and disposal 


4—-Water supply 


5—Sanitation of school houses and other public buildings 
6—Sanitary marketing of fue 


7—Presence of flies 
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8—Sanitation of the home, cleanliness of the home, ventilation, etc........ 


9—Condition of streets, parks and alleys 
10—General appearance of homes, barns, barnyards 
11—Lawns and flower gardens 


12—Vacant lots 
13—Fences 
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The State Board of Health had charge of the inspection of the towns 
and the whole competition was carried out in a most friendly spirit. 
Its developments were remarkable, if only purely in advertising for 
the state, and this is incidentally one good means of advertising. 


Mr. C. Gorpon Hewitt: Weare all aware of the great importance 
of movements of this kind, and I believe every one of the members here 
has listened with much pleasure to Professor Titus’ account. One of 
the things that has particularly impressed me, as shown by that 
small diagram of a section of a town, is the enormous amount of work 
which has been involved in making a survey of this kind. If Professor 
Titus’ paper has shown us nothing else, it has demonstrated that the 
‘entomologist is something more than a man who goes around recom- 
mending “how to squirt trees’’—but a man who is becoming more and 
more intimately concerned with the life of the people. We heard last 
year in our meeting at Atlanta a paper by Professor Hinds in connec- 
tion with boll weevil work in the south, how the entomologist was 
becoming more and more concerned with the life of the people and 
with their economic conditions which are not entirely “entomological.”’ 
I think this paper by Professor Titus shows the entomologist to be 
something more than a person who simply destroys insects, and that 
he is becoming more and more vitally concerned with economic studies 
and with the movement for improved conditions of life for people 
generally. 

Mr. R. A. Cooutzey: I would like to ask the amount of expense 
involved in conducting this campaign? 

Mr. E. G. Titus: From the standpoint of the town I am unable 
to state, not having the figures. We are attempting to gather them 
and hope to have them tabulated some time this winter. Jn case of 
the Utah Development League, the chief expense possibly was the 
clerical help and the printing of circular letters of the type I have sent 
around for examination; for a circular of this kind (indicating), another 
one of this kind (indicating), and all showing the Clean Town policy 
and scheme. And the money expense was defrayed from the expenses 
of the Utah Development League as part of the advertising campaign. 
The largest expense was judging the towns. I have not the judges’ 
expense accounts, but I can figure on judging thirteen of the towns, in 
classes ““B” and “C,”’ and I think the judging occupied from two to 
four daystoatown. In class “C,”’ most of the towns could be judged 
in from one and a half to two days, and in class “B” three days. It 
would not average over twenty-five dollars a town except for class “‘ A.”’ 
Of course for the larger towns it cost more and in the smaller town it 
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dropped down perhaps to four or five dollars. Then there were 
some more inaccessible. For instance, there was one town one hundred 
and fifty miles from a railroad, took two days on a stage, and then a 
day and a half to get to the town with a rig after that, away back in 
the mountains. There were several towns located in this way and 
the judging expense of course was high. Some of the towns offered 
to defray part of the expense in order to be sure that the judge came 
down and visited them. Perhaps the little town of Manti cost the 
most to the town since the town offered a large number of prizes and 
they went into itrather heavily. The interest was so strong that when 
the judging was postponed for several days, they received word by 
telephone, and they had a man out in an automobile the next morning 
with a megaphone announcing that they had ‘“‘three more days to 
clean up” and “to get busy.’’ And they did get busy. 

So far as the expense is concerned, it is really small, I believe, com- 
pared with the benefit the town received from it. Even real estate 
men were interested and some told me that the increase in the value 
of real estate was worth many times the cost it had been to the town 
or state. 

A Memper: The expense then was borne by the Development 
League? 

Mr. E. G. Titus: Yes, and also the State Board of Health, and 
others, and then we brought in one man from outside to judge Salt 
Lake and Ogden. ‘There was considerable rivalry between the two 
cities—they are close together. 

A MemsBer: I want to express my appreciation and hearty approval 
of this line of work. I know something about such work and judge 
that it must have taken an enormous amount of energy and labor to 
carry this contest to a conclusion. 

Mr. E. G. Tirus: lLarvacides were used to a very slight extent; 
the main thing was to get manure out of the way. In some of the 
towns we did try out borax and other things. We had some manure 
containers or large vats built in the state; we built one at the college 
and I believe there have recently been others built at different times. 
They suit us pretty well. _ 

Mr. F. C. Bisoopp: Jam sure Dr. Titus is to be congratulated on 
the admirable way in which this campaign was conducted. I was 
much pleased with the results secured in the small towns. From the 
little we have been doing in the south, we have seen that that is going 
to be the big problem—large cities will take care of it better. I was 
very much pleased indeed to see how the small towns showed up in 
this contest. I wanted also to mention a/point that he briefly brought 
out, that is, the need of caring for breeding-places in the winter time. 
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In the course of the Texas work the importance of getting rid of the 
breeding-places in the winter time seems to me to be very great. We 
have found that by a thorough cleaning-up in the winter we could do 
very much more than we could by continuing the work during the 
summer only. 

Mr. E. P. Fett: How about disposal of manure containing over- 
wintering pup? 

Mr. E.G. Titus: Manure has been carried some distance from the 
town and we have fairly good assurance that the flies will not come 
back in the spring. We found some that would go through the winter 
in the pupal state and these appear to be destroyed when the manure 
is properly scattered. Where possible the manure is taken out and 
scattered in fields and we found we could accomplish fairly complete 
destruction. In other cases, the manure was piled in ricks in the field. 

Mr. E. P. Fett: Does that hold true in the north where they are 
frozen up? | 

Mr. E. G. Titus: I couldn’t say, but I think that by breaking 
up the manure and scattering it over the ground you will destroy many 
of the puparia. We found them hibernating in piles against barns 
and other protected places, and by cleaning those out you can greatly 
aid the matter. 

Mr. E. N. Cory: I would like to have your opinion of the distance 
that flies will travel. 

Mr. E.G. Tirus: We marked somewhere between seven thousand 
and eight thousand flies the last few years and then hunted for them 
afterward. We found a few of them but I found no flies at any time 
a half a mile away from the place where they were liberated. 

In Salt Lake City, Utah, there was complaint that flies were coming 
from the city dumping-ground. You remember our Salt Lake blocks 
are large and four of them would make a pretty good-sized distance to 
walk. In the country we found the same thing, where we took them 
out into the farm region and liberated them in the pastures, and under 
those conditions we never found any that would reach beyond half a 
mile. Now perhaps our conditions are different; the dry air may 
have something to do with it, and I would like to hear if anyone has 
done anything on that line. It is quite essential on our end of the 
work on the fly. 

Mr. T. J. Heapuer: Mr. C. H. Richardson of our department car- 
ried on some flight experiments during the past season. ' Flies marked 
in various ways were liberated at a distance of 1,715 feet from the pig 
barn on the college farm at New Brunswick. About three thousand 
individuals were liberated at a time in one place and in most of the 
trials from ten to fifteen marked flies were recovered in the traps at 
the pig barn. 
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Mr. C. Gorpon Hewitt: As Professor Titus has raised the ques- 
tion of the flight of the house-fly, I should like to give my own expe- 
rience in the matter; as important results were published in a report 
by the British Local Government Board, on the carriage of infection 
by flies. Two or three years ago I had some experiments carried out 
in the city of Ottawa to study the flight of flies under city conditions. 
Flies were bred out and then marked with rosalic acid. They were 
liberated at a given point in a fairly well-inhabited region, throughout 
which Tanglefoot papers were distributed in the houses. These Tan- 
glefoot papers were collected from day to day. Out of the 13,500 
flies that were liberated, 172 marked flies were recovered at varying 
distances from the point of liberation, the farthest being 700 yards. 
In a further report of the British Local Government Board, experiments 
carried out by Copeman, Howlett and Merriman in Norfolk, England, 
demonstrated that under rural conditions flies travel from three hun- 
dred to seventeen hundred yards from the refuse in which they are 
bred; their flight depending largely on the prevailing winds. Experi- 
ments are recorded by Nuttall, Merriman and Hindle who carried on 
experiments under urban conditions in Cambridge, England, which 
bear out on the whole the limited range of flight of flies under city 
conditions. I think those interested would do well to consult these 
reports, which I think could be easily obtained. 

PRESIDENT H. T. Fernaup: The next paper will be read by Glenn 
W. Herrick. 


ADDITIONAL DATA CONCERNING THE CONTROL OF THE 
FRUIT-TREE LEAF-ROLLER IN NEW YORK 


By GLENN W. HERRICK 


During the past three years the fruit-tree leaf-roller, Archips 
argyrospila, has: been exceedingly abundant in parts of New York 
State and has caused serious losses to fruit-growers. In the spring 
of 1912 an extensive series of experiments in an orchard in Genesee 
County was conducted in an attempt to control the leaf-roller by 
destroying the larve with poison and contact sprays. In all, over 
seventeen combinations of materials were tried on different groups of 
trees in the orchard. Most of the applications were made before the 
cluster of flower buds had separated. At this time, however, a large 
part of the eggs had hatched and many larve had already worked 
their way down among the cluster buds and were feeding on the buds 
and bud stems. 

The results of the whole series of experiments were really very dis- 
couraging so far as prevention of injury to the fruit was concerned. 


April, 715] HERRICK: FRUIT-TREE LEAF-ROLLER 18h 


There was so little difference between the sprayed and unsprayed por- 
tions that it did not seem worth while to make a count of the fruit. 
The orchard produced only about two hundred and fifty barrels of 
apples out of a normal eight hundred barrels and these were mostly 
in the tops of the trees and in portions of the orchard not so badly 
infested. In this connection, the work of one of the better and more 
intelligent fruit-growers in New York is of interest. | 

The large orchards in question were sprayed five times and sprayed 
thoroughly and intelligently. The orchards were sprayed first, in the 
dormant condition, just before the buds burst, with hme-sulphur, 1 
gallon to 64 gallons of water with 1 pint of black-leaf-40 to every 100 
gallons for the aphis. The second spraying was made just before the 
blossoms opened with lime-sulphur 1 to 50 and 3 pounds of arsenate 
of lead. The third application was made just as the petals had fallen 
and consisted of lime-sulphur 1 to 50, arsenate of lead 3 pounds and 
black-leaf-40, 2 pint to 100 gallons. A fourth spraying was made 
about 10 days to two weeks after the third with lime-sulphur 1 to 50 
and 3 pounds of arsenate of lead. At about this time the owners 
became much worried about the roller and sprayed a fifth time with 
arsenate of lead alone, 4 pounds to 50 gallons. In spite of this extraor- 
dinary amount of careful and thorough spraying, the trees and cover 
crop under the trees were alive with larve and 40 per cent of the crop 
was ruined. 

Gillette and Weldon performed a series of experiments in Colorado 
in 1912 in an attempt to control the leaf-roller by the use of poison 
sprays.’ The first spray was applied May 5. The cluster buds had 
separated but the buds had not begun to open up. At this time 
“practically every blossom bud picked had from three to five larve 
feeding in it.”” They estimated that 75 per cent of the larve were 
killed by this and succeeding applications. Unfortunately 25 per cent, 
where the larve are multitudinous, is quite sufficient to cause disas- 
trous results. The question, of course, arises as to whether the remain- | 
_ ing 25 per cent can be caught before they enter the buds or get out of 
the way of the poison. Mr. J. B. Gill, in his thorough work in New 
Mexico and Canon City, Colo., found that “‘applications of arsenicals 
alone and in combination with 40 per cent nicotine solution have 
greatly reduced the amount of injury to the fruit and foliage, but these 
sprays have not been so effective as desirable.’? On account of the 
long period of egg-hatching it is almost impossible to poison the larvee 
before they become safely hidden. Especially is this true in case of 
late varieties of apples. 


11912, Circular 5, Colorado Experiment Station. 
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In conclusion of this brief consideration of the poison sprays it 
should be said that in every case much benefit was derived from them 
in protecting the foliage and enabling the trees to develop fruit buds 
for the subsequent season. Nor is this to be considered of little mo- 
ment or of slight importance. At the same time, fruit buds are of 
little value if they are so eaten by insects that they cannot develop 
into fruit. 


EXPERIMENTS WITH MISCIBLE OILS To DESTROY THE E@Gs 


In the spring of 1913 we planned and carried out a series of experi- 
ments in a badly infested orchard with the miscible oils, using Scalecide 
and the Orchard brand manufactured by the Thompson Chemical 
Company. Inall, thirty large russet trees were included in the experi- 
ment and carefully sprayed with the oils at the proportions of 1 to 15. 
In addition to these trees included in the actual experiment many 
more were sprayed by the owner with Scalecide at the rate of 1 gallon 
to 15 gallons of water. 

The oils were applied April 2 and 3, of course, before the buds had 
started, although they had begun to a Unfortunately, it rained 
hard in the afternoon of April 3 and the oil applied that morning had 
been on only four hours, while the oil applied the day before only 
about twenty-four hours. Undoubtedly this influenced the final 
results. 

On May 138, I made a rather extensive and tedious count of the 
eggs killed by the oil in different masses. In the experimental rows 
the masses were taken mostly from the row that was sprayed in the 
forenoon of the day on which it rained in the afternoon. We were not 
aware of this until we consulted our notes later. The results of the 
count showed that a fraction over 76 per cent of the eggs had been 
destroyed and did not hatch. In that part of the orchard sprayed by 
the owner a more extensive count of egg masses showed that prac- 
tically 79 per cent of the eggs had been killed. 

The general effect of the spraying with the miscible oils was moether 
than we hardly dared hope. In the first place, there is no appearance 
in the orchard of injury caused by the oils.. We were careful to make 
the applications just as near the active growing period of the trees as 
possible. Moreover, the spraying was done in moderately warm 
weather. The orchard bore a fair crop of fruit and the owner is much 
encouraged. 

Gill, in his work in Colorado with the miscible oils killed a much 
higher percentage of the eggs. Gillette and Weldon in Colorado 
succeeded in killing 95 per cent of the eggs. From their accounts it 
appears that the trees were more thoroughly drenched than were the 
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trees we sprayed in the New York orchard. If it had not been for the 
fact that we feared the effect of the miscible oil sprays we should have 
insisted on a more thorough drenching. 

Again, in 1914, a still more extensive series of experiments based on 
knowledge gained in the previous seasons was planned and carried out 
in codperation with two growers at Hilton, N. Y. Mr. R. W. Leiby 
was placed in charge of these field experiments and to his thorough 
and careful work we are greatly indebted for our results. 

Briefly, three brands of miscible oils were used in a preliminary way 
on small areas in which the results could be accurately checked by 
careful counts of eggs, hatched and unhatched. In cage experiments 
carried out indoors Target brand killed 94.7 per cent of the eggs while 
Sealecide killed 96.2 per cent. In the check, 95.75 per cent of the 
eggs hatched. 

In outdoor experiments confined to a few plum trees on which the 
egg masses were located and marked by tying strips of white cloth 
about the branches, Target brand at 1 to 20 killed 92:6 per cent of the 
eggs, Scalecide, at 1 to 15 killed 91.2 per cent and Orchard brand 87.4 
per cent. The average for the three oils was 90.4 per cent. Very 
likely these egg masses being so conspicuously marked were more 
thoroughly treated than would be the case in ordinary orchard spray- 
ing. The results in the main orchard would indicate this. 

In the main orchard, sprayed by the owner in the ordinary way, yet 
thoroughly, an extended count of egg masses showed that an average 
of 85+ per cent of the eggs were destroyed. In general orchard 
spraying it is an exceedingly difficult matter to hit all of the egg masses 
or to thoroughly wet all that are touched with the mixture. It is 
doubtful if the average grower will be able to kill over 85 per cent of 
the eggs on large apple trees for the simple reason that some of the 
masses will not be actually hit with the liquid. If, on the average, 
85 per cent of the eggs can be destroyed with the miscible oils they will 
constitute a most efficient check against serious infestations of the 
leaf-roller. 

We did not, however, rely on the miscible oils for the complete 
control of this insect in the orchards under consideration. We planned 
to supplement the oils with arsenate of lead and on May 7, the next 
day after the eggs began to hatch, the orchards were sprayed with the 
poison at the rate of 3 pounds to 50 gallons of water. The buds had 
just begun to burst and two or three leaves had separated. 

A second application of lead in the same proportions was made on 
May 14 just before the blossom buds had separated. Finally on May 
26 the first codling moth spray was applied. The results were very 
satisfactory and the owners feel that they can control the leaf-roller. 


184 JOURNAL OF ECONOMIC ENTOMOLOGY — Vol. 8 


Their feeling of great discouragement produced by the conditions in 
1913 has changed to a hopeful and confident assurance that the prob- 
lem has been solved. 

In some field experiments which cannot be detailed here we were 
unable to control the leaf-roller to any degree of satisfaction by omit- 
ting the application of oils. 

Finally, in our treatment of hundreds of apple, pear, plum, and 
cherry trees not a single case of injury has been found from the effects 
of the oils. In addition, many barrels of oil were applied last spring 
throughout western New York and so far as we have personally exam- 
ined the treated orchards or have been able to talk with the owners of 
treated orchards we have not found any injury. It should be noted, 
however, that the oils were applied in the spring and only after the 
trees had become more or less active or very near the time of the 
beginning of activity. Moreover, we were afraid of the oils and con- 
stantly warned the owner in his general orchard spraying to be careful 
and not drench the trees. Had the oils been applied more liberally 
and had the trees been more thoroughly drenched, probably a higher 
per cent of eggs would have been killed. The owner declares that 
next year he is going to apply the oils at the rate of 1-12 and that he 
is going to soak his trees. We have assured him that he will do so on 
his own responsibility. Undoubtedly Dr. Felt has given us abundant 
proof that these oils do, under certain conditions, produce an injurious 
effect. Unfortunately, we do not know just what those conditions are. 

To sum up then, our experiments seem to show that the leaf-roller 
can be satisfactorily controlled by an application of miscible oil to 
destroy the eggs, supplemented by thorough sprayings with arsenate 
of lead. 


Mr. E. P. Fett: I am very glad to have this data, and partic- 
ularly that in relation to the miscible oils, because the results as noted 
by Professor Herrick agree quite closely with what I think those oils 
will do when we make careful application. 

Mr. W. W. Yotuers: This subject has ben quite thorouelity 
worked out in Florida during the past five years. The results in Flor- 
ida show that the injury which follows the use of several miscible oils 
can be attributed to the chemicals which these insecticides contain 
and not to the oil itself. Dr. A. W. Morrill found that Orchard brand 
was very injurious to citrus trees. The present investigation experi- 
mented with this insecticide extensively and found independently 
that it was exceedingly injurious and that it could not be used on cit- 
rus at any time of the year. The Bureau of Chemistry analyzed this 
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insecticide and found that it contained 25 per cent of sulphuric acid 
and I inferred that this chemical was the cause of the injury. I re- 
gret to state that I found it impossible to introduce sulphuric acid in 
any of the formula with which I experimented and therefore I was 
not able to test any formula with and without sulphuric acid. 

In regard to Scalecide, it is not so injurious to citrus fruits as Orch- 
ard brand but it does so much damage to young fruits that it is inadvis- 
able to use it at any time of the year. The Bureau of Chemistry found 
that this insecticide contained much rosin or rosin oil. In other ex- 
periments with the use of rosin and rosin oil, in every instance the same 
formula made up with rosin oil caused much damage while the same 
formula with rosin oil omitted was absolutely harmless. I have con- 
cluded that an insecticide for use on citrus trees should not contain 
rosin oil. 

Target brand is fairly efficient. It contains quite a large percentage 
of phenol which my experiments show is worthless as an insecticide 
and is more or less injurious to the trees and the fruits. It is much less 
injurious than either of the former articles and is used quite extensively 
throughout the state. 

Schnarr’s Insecticide is also a proprietary article and does not con- 
tain any of the above injurious chemicals and as a general proposition 
it does no injury to fruit or trees. Neither does the Government 
formula which contains none of these chemicals cause any damage to 
the trees or fruits if used conservatively. ‘Thousands of gallons of 
these paraffin oil emulsions have been used with little or no damage. 

It is my contention that if oils containing these injurious chemicals 
_cause injury to citrus then there is also great liability that they will 
cause injury to deciduous trees. I think it would be a matter worth 
while to experiment with some of the cheap paraffin oil emulsions on 
deciduous trees to determine if any injury or liability to injury would 
follow their use. I suppose it is generally understood that miscible 
oils can be made from cheap lubricating oils which can be found almost 
everywhere and cost about fifteen cents a gallon in barrel lots. 

Mr. E. G. Titus: Only in the last three years have we had any 
damage from this particular insect. At the present time, it has se- 
riously infested some of the fruit orchards in two of our valleys. 

This year I carried on some spraying experiments and my results 
are not as good as I expected them to be. 

The leaf-roller injures from 50 to 60 per cent; this injury was re- 
duced to 24, 11 and 7 per cent, roughly speaking, but even 7 per cent 
injury is too great to allow the leaf-roller and we wish to improve. If 
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anyone has been successful with miscible oils and not injured trees, 
I would like to hear from them. 


Mr. C. P. GruteTre: Iam very much interested in the paper just 
read, because the results seem almost identical with those we had in 
Colorado, especially with the arsenical sprays. We came to the con- 
clusion that it was almost useless to expect the ordinary fruit-grower 
to control the leaf-roller by means of arsenical sprays. It is necessary 
to make so many’applications in order to keep the young leaves well 
covered with poison that we seldom find the grower thorough enough to 
get good results. For that reason, in the Canon City district, where the 
insect had become very destructive, we insisted upon the use of the oil 
sprays. We used “Target brand” almost entirely, and got excellent 
results. Where the growers failed, it was because the orchards were 
not well treated with the oil. 


VicE-PRESIDENT GLENN W. Herrick: Aren’t your trees generally 
smaller than ours in New York State? 


Mr. C. P. Giuterte: I think not. We sometimes gather 40 or 
45 bushels of apples from one tree. I believe in Colorado, we have 
one advantage over the east and the south in our dry climate; it is 
nearly always bright and clear so that the oil evaporates quickly. 
In a moist climate the danger of injury from the use of oils is probably 
greater. 


PrEesIDENT H. T. FeRNALD: The next paper on the program will 
be by E. N. Cory. 


PRELIMINARY REPORT ON THE WOOLLY APHIS! 
By E. N. Cory, College Park, Md. : 


The results herein set forth, as the title indicates, are wholly pre- 
liminary. To the author they are in no sense conclusive, but the facts 
seem to warrant the belief that other experiments along similar lines 
may lead to a method for the control of the woolly aphis. 

Because the nursery injury was the most apparent, the control of 
this pest was confined fora time, chiefly to nursery stock. This exper- 
imentation was begun in 1908, and has been continued as time and 
circumstances allowed. 

This work has never been pursued thoroughly and continuously to 
a definite conclusion because other, apparently more important, work 
has always intervened. For the most part we have been content 
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to advise the use of the remedial measures generally recommended. 
Two main lines of work have been followed, treatment of the soil with 
dust applications and spraying the tops and soil about the roots. To- 
bacco dust of various manufacturing companies and kerosene emul- 
sion have been the principal insecticides used. In addition, apterite 
(a earbolic fertilizer), nicotine sulphate, fish oil soap and lime-sulphur 
have been used. ‘The usual mode of application in nurseries has been 
to bar plow along each side of the row, apply the oe or spray and then 
throw the earth back around the trees. 

Thus far we have been unable to secure good results with any of the 
above-mentioned insecticides. Kerosene has given better results 
than any other insecticide. However, as this paper is concerned chiefly 
with results achieved in orchard work, the details of our experiments 
on nursery stock will be left for another time. 


TREATMENT OF ORCHARD TREES 


As in the nursery work the control experiments on woolly aphis 
in orchards have been in progress for several years, without determinate 
results. | 

In the spring of 1912 work was begun in the orchard of E. W. Hun- 
gerford, Marshall Hall, Md., in testing the value of various insecticides. 
This orchard was selected because, first: 1t was badly infested with 
woolly aphis and second because the soil in which it is set is a sandy 
loam. As the soil in the college orchards is a clay loam, the sandy 
soil conditions gave an opportunity for some comparisons. 

Eleven insecticides in the form of dust or liquids were applied in 
trenches dug about the base of the trees. These trenches were dug 
down deep enough to expose the main roots and about six feet in 
diameter. All trees treated were infested with root aphis. 

Soluble oil, 1 to 15; Scalecide, 1 to 15; Electro Insecticide Soap, 1 
pound to 4 gallons of water; Lemon oil, 1 to 24; Nico-Sul, 1 to 240; 
lime-sulphur, 1 to 9; undiluted Pine Tar Creosote at the rate of 14, 
2 and 3 quarts per tree, kerosene emulsion, 10 per cent; tobacco dust, 
13 to 3 pounds per tree; One for All, $ pound to 1 gallon and 
Apterite 1 pound 3 ounces, 2 pounds 6 ounces and 4 pounds 12 ounces 
per tree. As this was a private orchard, it was not considered ad- 
visable to apply each insecticide to more than a few trees on account 
of the danger of injury to the trees. It was planned to continue 
the applications that held the most promise in the college orchards. 

The applications were made June 24 and 25,1912. During the night 
of the 24th rain fell and intermittently during the 25th so that the con- 
ditions were exceptionally favorable for complete penetration. 

The trees were examined in the fall of 1912, without disclosing any 
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apparent injury. On April 18, 1913, the soil was removed from the 
base of the trees and a careful examination made for the presence of 
aphids with the following results: Aphids were found abundant on. 
the roots of all of the treated trees except on two trees treated with 
tobacco dust at the rate of three pounds per tree; on one tree treated 
with tobacco dust one and one-half pounds per tree; on one tree treated 
with lemon oil; on one tree treated with Scalecide and on three trees 
treated with Electro Pine Tar Creosote. The probable effect of the last 
three solutions on the life of the tree was a matter of speculation, 
hence only a very few trees were treated. Only one tree was treated 
with each dosage of creosote. 

The tests of the efficiency of the Pine Tar Creosote were continued 
in this orchard on other trees with ample checks. This was the only 
insecticide continued because, due to the circumstances detailed 
below, it was considered to hold the greatest promise. These tests will 
be discussed in a later paragraph. 

During the examination it was found that a small ant was caring 
for the aphids quite as assiduously as they do for their young. Wher- 
ever aphids were found ants were present and they were not present 
in any case where the aphids had apparently been controlled. 

Upon the removal of the earth from the base of the trees, an ant 
would seize the nearest aphid in its mandibles and immediately seek 
the shelter of the nearest clod or would follow the channels made in 
the soil by the roots to what it evidently considered a safe place, then it 
would hurry back for another aphid and repeat the process. This 
relationship was found to exist in every case where aphids were present. 

Specimens of the ants were collected and sent to Dr. W. M. Wheeler, 
who very kindly determined them as Lasius (Acanthomyops) inter- 
jgectus Mayr., supplementing the determination with the following 
interesting comments: 

“This ant is a subterranean species which makes a business, like 
our other species of Acanthomyops, of dealing exclusively with root 
aphids and coccids. I have always supposed that these ants did con- 
siderable harm, because they go into this business quite extensively 
not only on the root of fruit trees, but also on the root of forest trees 
and even herbaceous plants. The workers of all the species of Acantho- 
myops have the curious odor which you noticed and described so 
well.”’ 

The relationship was so marked that the possibility of controlling 
the root form of the aphid by control of the ants in this orchard seemed 
worthy of a test. In other orchards the writer had previously noticed 
in searching for aphids, the peculiar odor, similiar to that of citronella, 
that is always associated with L. interjectus. Work was therefore 
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~ planned to ascertain the extent to which the ant was present as a 
symbiote in other orchards, particularly those set in heavier soils than 
that at Marshall Hall. 

A large percentage of the trees in several of the college orchards have 
been examined for the presence of the ants. With great uniformity 
the trees examined showed the presence of L. interjectus accompanying 
aphids. Examinations were begun April, 1913, and continued through- 
out that season. 

With these facts before the writer in regard to the ants and negative 
results from the tests at Marshall Hall and tests applied in July, 1912, 
in the college orchards, details of which will be given later, plans were 
laid for more thorough tests of the Pine Tar Creosote. A row of 
trees in the Marshall Hall orchard was selected and examined for 
aphis and ants. Both were found in numbers on every tree. Every 
alternate tree to the number of seven were treated with one quart of 
Pine Tar Creosote after the earth had been removed. Following treat- 
ment, the earth was replaced. This test was applied on April 26, 1913. 
Seven untreated trees were left in the row as checks. These tests 
were examined December 3, 1914, and they showed very encouraging 
results. The odor of the creosote was decidedly apparent even after 
twenty-one months had elapsed. Aphids were present on all of the 
checks except on two and no aphids were present on any of the treated 
trees except in one case. Ants were not present at the above date. 
This was to be expected owing to the late date of the observations. A 
note made in 1912 seems to indicate a congregating habit of the hiber- 
nating ants. During the early spring a cluster of L. interjectus was 
discovered in the cavity of an old tree. This was prior to our observa- 
tion of the association of the ants with the woolly aphis, hence, no 
effort was made to keep notes on the cluster of ants. However this 
nest was just within the border of a wood that adjoins one of the 
college orchards wherein ants and aphis have since been found in abun- 
dance. 

Thus far only the tests with undiluted Pine Tar Creosote have been 
mentioned. No injury to the roots or trees has been observed re- 
sulting from its use. The material is rather expensive—30 cents per 
gallon in quantity, hence tests were made of the material in emulsion. 
This was made by using two-thirds of a pound caustic soda, 90 per 
cent (NaOH) for each gallon of creosote. A 6 per cent emulsion 
was used in the college orchard in July, 1913. Eleven trees were treated 
in a small orchard consisting of trees grafted on American, Paradise 
and Doucin stocks. The trees on Paradise stock were only slightly 
infested with aphids, while those on the other two kinds of stocks 
were heavily infested. Only a few ants were present. The test was 
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conducted primarily to ascertain whether the 6 per cent emulsion would 
kill the greatest part of the aphids, and to determine the effect of the: 
insectide on the vegetative state of the tree. Ample infested checks 
were retained. 

_ Examination July, 1914, showed that while only two trees were en- 
tirely free from aphis, the balance with the exception of two trees were: 
free from aphis where the spray influence must have been greatest,. 
v.e€., near the crown. The other trees showed one or two isolated clus- 
ters of aphids far out from the base of the trees. 

The application was repeated two days after the above examina- 
tion and in addition eight other trees in this block were similarly 
treated, leaving two trees as checks. 

In addition to the effect on the aphids, a most excellent effect om 
the vegetative state of the trees was apparent. New roots were 
very numerous and the old bark was replaced by new tissue. Appar- 
ently, the spray was just sufficiently injurious to the tissues to stimu- 
late the tree to grow new roots and bark. 


KEROSENE EMULSION 


Nine trees were sprayed July 6, 1912, with 4 gallons each of 10 per 
cent kerosene emulsion. The earth was removed and not replaced 
until July 8 owing to threatening showers, which however did not 
materialize. These trees were all infested. Examination July, 1913, 
showed every tree badly injured by the kerosene. The small roots: 
were dead and partially decayed and the outside bark around the 
crowns entirely killed. 


SUMMARY 


1. Of all the insecticides used Electro Pine Tar Creosote holds the 
ereatest promise due to, first, its power to kill the aphids; second, its 
strong repellant action and its retention of the penetrating odor after 
at least twenty-one months in the soil; third, its stimulative effect on 
diseased tissues, and fourth, the possibility of emulsifying it readily. 

2. There is a symbiotic relationship between uae aphids and Lasius 
(Acanthomyops) interjectus Mayr. 

There appears to be a congregating habit in L. interjectus Mayr., of 
which it may be possible to take advantage in controlling the ant. | 

Creosote is an effective repellant for this ant. 

3. Paradise stocks show some degree of immunity to attack by the 
root forms of the woolly aphis. 


PRESIDENT H. T. Fernatp: The next paper on the program will 
be read by W. C. O’ Kane. 
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ARSENICAL RESIDUES ON FRUIT AND GRASS 
By W. C. O’Kanz, Durham, N. H. 


(Withdrawn for publication elsewhere) 


Mr. E. G. Titus: I would like to ask a question in regard to the 
weak animals, as I have had occasion to examine animals with paraly- 
sis, and it has often occurred to me that arsenical poisoning might 
have something to do with the muscular weakness of these animals. 
It usually occurs in either the fore or hind quarters. 

Mr. W. C. O’Kane: The poison is presumed to affect the nerve 
centers, resulting often in paralysis of the extremities. The calves, 
if they had been free, no doubt would not have eaten all the grass. 
They hunted around the edge of the inclosure and tried, to get fresh 
grass. They would eat the sprayed grass freely at the start—ate it 
promiscuously and then apparently acquired some discernment. 

Mr. H. A. Gossarp: I would like to inquire whether anyone has 
any data showing the effect of poison on suckling animals after the 
mothers have fed on sprayed grass. Ii recollect an instance in which 
suckling pigs had died, their mother having fed in a sprayed orchard. 
The party making the report to me had inquired of a chemist who 
stated there was danger of the poison being transmitted through the 
milk, and while little injury was likely to result to the mature hog, 
the suckling pigs might be injured. 

Mr. W. C. O’Kane: I do not know of any data in regard to 
farm animals that is trustworthy. There are notes as to human 
beings, especially in English reports of the death of babies that were 
nursed by mothers who were receiving small amounts of arsenic. 

PRESIDENT H. T. FERNALD: The next paper will be read by Leonard 
Haseman. 7 

Mr. Leonarp Haseman: This is of course not especially a Missouri 
pest, but the cotton moth has attracted so much attention in Missouri 
this year that I thought perhaps a few notes might be of interest to 
some of the members. Last fall the migration was much heavier 
than previously. In the latter part of September the migration was 
so heavy and the damage to fruit so great that we received a very large 
number of complaints and requests for treatments. As is well known, 
the cotton moth is able to break the skin of fruit, and it does this seem- 
ingly by means of rudimentary jaws. On examining the mouthparts 
of the cotton moth you will find that it has small rudiments of mandi- 
bles. 
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COTTON WORM 
By L. Haseman, Columbia, Mo. 


For the past three years the moth of the cotton worm has migrated 
northward across Missouri. In some places it has been more abund- 
ant than in others and the damage which it has done to fruits has been 
considerable each year. The past fall the pest was more injurious 
than in former years. It began to attract attention early in Septem- 
ber and was abundant until frost. It spread rapidly across the state 
and in two weeks seemed to be generally distributed. In places it 
was so abundant as to literally cover ripening fruit in the orchard and 
about cider presses and at night collected about lights as I have never 
before seen moths collect. Everywhere the moth of the army worm 
was found associated with it. 

Injury Done By Motu.—lIt is a well-known fact that this moth is 
able to break the skin of ripening peaches and apples and other fruits. 
There are cases on record where it has attacked bananas on the city 
market, though in such cases it very probably selects injured bananas. 
The moths have a voracious appetite and will feed for hours without 
stopping after a prolonged fast. The proboscis can be thrust into the 
flesh of ripe apples and peaches without any trouble and it will reach 
almost to the pit of an average-sized peach. As the juice is extracted 
a depression appears which resembles a bruise. This injured tissue 
is porous and in a short time decay sets in and the fruit is ruined. 

Late peaches seem to be the moth’s favorite food though it may 
also attack apples, grapes, pears, tomatoes and other fruits on the 
markets. In some orchards the crop of Heath Ching and other late 
peaches was a complete loss this fall. The moths begin feeding about 
sundown and often completely cover the fruits which they attack. 
This year they truly assumed the réle of an important orchard pest. 

WorK oF CATERPILLAR.—Missouri is not a cotton state though in 
a few southeastern counties a great deal of cotton is raised and the 
crop can be grown with profit even as far north as the Missouri river. 
The cotton worm was very abundant and destructive to the cotton 
foliage where the crop was not protected by the use of arsenicals. As 
the moths migrated northward they oviposited on cotton where it 
was to be found. At Columbia a small experimental plot of cotton 
was found to be severely attacked by the fifteenth of September and 
by the first of October the foliage was all consumed. The moths be- 
gan to lay eggs as soon as they arrived and continued to do so until 
all the cotton foliage was gone, for on the first of October caterpillars 
of all ages as well as pupx were present. Many immature caterpillars 
migrated in all directions and failing to find cotton died of starvation. 
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Foop Puiants.—It is said that this caterpillar will feed only on cot- 
ton. From rather extensive observations in the field and from limited 
cage feeding experiments I have found this to be a fact. In the field, 
grasses, native weeds, legumes, corn and other plants found around 
the infested cotton patch were left strictly alone by the migrating and 
starving caterpillars. In cages, alfalfa, red clover, white clover, cot- 
ton weed, morning glory, hollihock, dock were, except for an occa- 
sional hole being eaten out, refused by the starving caterpillars. 

NaturaAL Enemies.—In this latitude the winter conditions destroy 
this pest completely and during. the summer two parasites assisted. 
A native ichneumon_was found ovipositing in the pup and several 
were bred from pup. Some caterpillars were found with the eggs of 
a Tachina fly on them, though the species was not determined. The 
caterpillar is so active that it is difficult for the Tachina flies to deposit 
eggs on it. The boll worm was also found to attack the cotton worm 
in a few cases. 


Mer. H. A. Surrace: I found this moth rather abundant in peach 
orchards last fall and saw considerable damage to Salway peaches. 
It was not nearly so numerous as was the case two years ago but 
considerable injury resulted. 

Mr. J. J. Davis: It is interesting to note that the moths seem to 
lay their eggs after migrating. JI would like to ask if there is any 
data regarding egg-laying after the migratory period? 

Mr. Lronarp HAseMAN: We made no observations as we did 
not know the pest was breeding in the vicinity until we saw the cater- 
pillars. It was the first year that we had seen these caterpillars 
feeding so far north. 

Mr. C. T. Brurs: We caught quite a number of these moths 
at an electric trap light at the Bussey Institution, Forest Hills, Mass., 
but it was impossible to secure eggs from them. They come quite 
reguiarly every few years and are apparently too much exhausted 
by the long flight to deposit eggs. 

PRESIDENT H. T. FERNALD: A paper will now be presented by 
H. B. Scammell. 


THE CRANBERRY ROOT WORM 


By H. B. SeamMe tt, -Pemberton, N. J. 


(Withdrawn for publication elsewhere) 


Secretary A. F. Burcess: I do not care to discuss the paper, 
but would like to state for the information of some of the members 
that several cranberry bogs in Massachusetts were seriously injured 

3 
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this year by the gipsy moth. There has been slight injury in previous 
years but the damage was serious In several cases this season. 

Presipent H. T. Fernatp: The next paper on the program is 
by W. M. Scott. 


ARSENATE OF LIME OR CALCIUM ARSENATE 
By W. M. Scort, Baltimore, Md. 


The possibility of combining arsenic with a cheaper base than lead 
to produce a safe and effective insecticide for use on fruit and shade 
trees has no doubt occurred to nearly every economic entomologist. 
Calcium is the cheapest material that could be used for this purpose 
and calcium arsenite or arsenite of lime has been recognized as an 
insecticide for a number of years, but owing to its injurious effect on 
vegetation it never has and probably never will come into general use. 

Arsenate of lime, however, is a more stable and less soluble compound 
and should, therefore, be less caustic in its effect on fruit and foliage. 
So far as the writer is aware arsenate of lime is not known in ento- 
mological literature and has never been given much consideration. 
I am informed by Prof. A. L. Quaintance of the United States Bureau 
of Entomology, that during the past three years his office has conducted 
spraying experiments with this material and that the results have 
been uniformly good, although no account of the work has yet been 
published. For the past two years the writer has endeavored to 
determine the value of arsenate of lime as a substitute for arsenate of 
lead and the results obtained at least indicate that this material is 
worthy of further investigation. 

Arsenate of lime may be prepared as a monocalcium, dicalcium or 
tricalcium arsenate. On the dry basis tricalcium arsenate (Ca; 
(AseO.)2) contains, theoretically, 42.2 per cent lime (CaO) and 57.8 per 
cent arsenic oxide (As.O;). The material used in the writer’s experi- 
ments contained 46.8 per cent lime and 47.8 per cent arsenic oxide on the 
dry basis, and therefore had 11 per cent more lime than would occur 
in the true tricalcium arsenate. It contained: less than 0.05 per cent 
soluble arsenic oxide. On the basis of 50 per cent of water this mate- 
rial would contain 23.9 per cent arsenic oxide, but in preparing the 
paste the water content cannot well be reduced below 60 per cent 
without the use of a filter press. 

In the experiments recorded herein the paste was prepared to con- 
tain the same percentage of arsenic oxide as is found in standard 
arsenate of lead, 7.e., from 15 to 16 per cent. The rate of dilution 
for both materials was 2 pounds to 50 gallons of water which gave 
the same arsenic content in both kinds of diluted sprays. 
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During 1913, in the Rockfish Valley Orchard, at Avon, Va., 50 
Winesap and Yellow Newtown apple trees were sprayed four times 
with arsenate of lime following the usual schedule, and the remainder 
of the orchard was sprayed with arsenate of lead. With both poisons, 
lime-sulphur solution was used as a fungicide in all the applications 
except the last, in which Bordeaux mixture was used. 

The trees were examined from time to time during the season and 
no difference could be observed between the two kinds of poison, 
either in their effect on the fruit and foliage or in the control of the 
codling moth and other insects. No injury was produced and the 
codling moth was controlled equally well in both cases. 

During 1914 a similar experiment on a larger scale was conducted 
in the same orchard. About 200 Winesap apple trees were sprayed 
with arsenate of lime and a like number with arsenate of lead and 5 
trees were left as checks. As a fungicide lime-sulphur solution was 
used with the arsenicals and the trees were sprayed (1) after the blos- 
som buds separated, showing pink, (2) as soon as the petals fell, (3) 
three weeks later and (4) about nine weeks after the petals fell (the 
first week in July). 

Although no actual counts were made it was estimated at picking 
time that about 60 per cent of the fruit from the unsprayed trees 
was infested with the codling moth. The fruit from the adjacent 
trees of the sprayed plots was reasonably free from this insect and no 
difference could be noted in the efficiency of the two kinds of poison. 
At the opposite end of the orchard from the check trees, however, 
the codling moth was not so well controlled and the superintendent 
was of the opinion that the arsenate of lead had given slightly better 
results than the arsenate of lime. 

In a similar experiment conducted in an apple orchard near Han- 
cock, Md., the powdered form of arsenate of lime was used and here 
again this poison proved to be the equivalent of arsenate of lead. 

During the past spraying season (1914) several apple growers co- 
operated with the writer in testing this material and, as shown by 
the following reports, uniformly good results were obtained. 

‘Mr. Fred Johnson, a member of this association and formerly an 
assistant in the United States Bureau of Entomology, used 50 pounds 
of arsenate of lime in his orchard at Westfield, N. Y., and in a letter 
to.the writer dated September 28, 1914, he made the following state- 
ment in regard to the results: 

I would say that we used this preparation (barium-sulphur crystals) together with 
the arsenate of lime on three rows of Baldwin trees in one of our orchards at the 
strength you recommended. All the rest of the orchard was sprayed with home- 


prepared lime-sulphur and arsenate of lead. This season the whole orchard is as. 
entirely free from scab and codling moth as I could wish, so you may judge that the 
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results are well nigh perfect. I made several close examinations of the trees sprayed 
with the dry material and the arsenate of lime and from these observations could see 
no difference in results from adjacent trees sprayed with the standard formula. 


Mr. W. F. D. Batjer, secretary of the Northwest Arkansas Fruit 
Growers Association, used 50 pounds in his orchard at Rogers, Ark., 
and under date of November 5, he made the following favorable 
report on the results: 

I used this material on a block of Bens and Ganos in connection with lime-sulphur 
for the cluster bud, calyx and ten-day spray; on the rest of my orchard I used arsenate 
of lead in both dry and paste form. The entire crop was remarkably free from cur- 
culio and codling moth injury, the arsenate of lime block showing up fully as well 
as the balance in this respect. One thing that appealed to me in using the arsenate 
of lime was the fact that it did not change the color of the lime-sulphur. solution, 
leaving it a clear bright yellow, and in my opinion the fruit and foliage in this block 
had a much better and brighter appearance throughout the season than did that 
in the balance of the orchard. 


Mr. T. W. Ayers, formerly an assistant in the United States Bureau 
of Plant Industry, used 50 pounds of this poison in an apple orchard 
at Fort Payne, Ala., during the past season and he has reported that 
no difference between this material and arsenate of lead could be noted 
in the control of the codling moth or in their effect on the fruit and 


foliage. 

Through the codperation of several park commissions and public 
tree sprayers we were able to have arsenate of lime tested in New 
England for the control of shade tree insects, and 2,000 pounds were 
distributed for this purpose. ‘So far as could be learned from reports 
received the arsenate of lime had the same killing effect on the gipsy 
moth and brown-tail moth as the arsenate of lead, and there was no 
injury to foliage reported. In one report it is stated that oak trees 
were sprayed with this poison for the control of brown-tail moth 
and that the killing effect was ‘“‘very good”? comparing ‘‘favorably”’ 
with arsenate of lead. Another report shows that it was used on 
white oak, red oak and chestnut with results ‘about equal to arsenate 
of lead’’ and with ‘‘no injury to the foliage.”’ | 

On July 1, 1914, the writer had an opportunity to see the results 
of one of these experiments on the grounds of the Metropolitan 
Park Commission near Boston, Mass. A clump of small poplar trees 
infested with the gipsy moth had been sprayed with arsenate of lime 
and the ground was well covered with dead caterpillars. There were 
a few live caterpillars still feeding on the sprayed leaves but no larger 
per cent than was found on adjacent trees sprayed with arsenate of 
lead. 

At Hancock, Md., during the past season the writer used arsenate 
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of lime on peach trees as a foliage test and found that at a dilution of 
14 pounds (16 per cent arsenic oxide) to 50 gallons of water it almost 
defoliated the trees. Arsenate of lead used on the same variety caused 
very little injury, although this arsenical has been known to seriously 
injure peach foliage under certain weather conditions. It is evident 
from this test that arsenate of lime is more likely to injure susceptible 
foliage than arsenate of lead. 

It appears from the results of these various experiments that for 
spraying apple and shade treés arsenate of lime may be used with 
the same degree of efficiency and safety as arsenate of lead. The 
chief advantage it has is in the matter of cost, being cheaper than arse- 
nate of lead. It mixes with lime-sulphur solution without causing 
any chemical reaction which fact might be considered as another 
advantage, neither material being decomposed by the combination. 
Unless some unsuspected objection to this new insecticide develops, 
it would seem a waste of money to continue the use of the more expen- 
sive poison. 


Mr. GuEnN W. Herrick: I would like to ask how much this 
poison can be sold for? 

Mr. W. M. Scorr: I cannot answer that question definitely 
except that there ought to be about the same difference in the cost 
of arsenate of lime and arsenate of lead as there is in the cost of the 
lead and the lime used in their preparation, although I have no figures 
on the cost of manufacture. It is perhaps needless to remark that 
this paper is not given for advertising purposes because arsenate of 
lime can be made by anyone; in fact the fruit-grower can make it in 
his orchard. 

Secretary A. F. Burcess: Last spring we secured a barrel or 
two of arsenate of lime and several areas were treated by Mr. Worth- 
ley’s men. I would like to ask him to make a statement in regard to 
the amount of poison used and the general results of the spraying. 

Mr. L. H. Wortuitey: We used about two hundred pounds of 
poison at the rate of 10 pounds to 100 gallons of water. The results 
from the standpoint of destroying caterpillars was as good as when 
arsenate of lead was used, but considerable burning resulted to some 
of the trees, especially cherry, apple, oak, maple; although almost 
every species treated showed some burning. 

Mr. A. L. QuatnTance: Mr. Siegler of the Bureau of Entomology 
has been working with arsenate of lime, especially as to its home 
preparation, and I shall be glad if he will state briefly some of the 
results. | 

Mr. E. H.S1tecupr: We have been using arsenate of lime in various 
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forms, beginning in 1912, for the control of the codling moth and other 
deciduous fruit insects. During the season of 1914, a commercial 
arsenate of calcium (paste) containing 18 per cent arsenic oxide 
(As.O;) was tested against the codling moth in our experimental 
apple orchard, Benton Harbor, Mich. This was used at the rate 
of 2 pounds to 50 gallons of lime-sulphur solution in comparison with 
arsenate of lead paste, used at the same rate, combined with lime- 
sulphur solution. Three spray applications were made: (1) When 
the petals dropped. (2) Three to four weeks later. (38) Nine weeks 
after falling of the petals for the control of the second brood. 

The arsenate of lime plat included 10 trees, the fruit from 5 of which 
was examined as it dropped during the season and again at harvest 
time. The arsenate of lead plat contained 12 trees—6 examined. 
The unsprayed plat consisted of 8 trees, the fruit from each tree being 
examined. Each plat produced approximately forty barrels of fruit 
at harvest, which was inspected for codling moth injury. The arse- 
nate of calcium and arsenate of lead plats gave over 98 per cent of 
fruit free from the codling moth, while the unsprayed plat yielded 
about 59 per cent of fruit free from this injury. The foliage of the 
arsenate of lime plat compared favorably with that of arsenate of lead 
throughout the season. 

We have prepared arsenate of lime by adding sedate arsenate to 
slaking lime. This arsenical may be prepared from other chemicals, 
such as a combination of arsenic acid and lime. According to our 
figures, a good arsenate of lime paste may be made at a cost of two 
to three cents per pound, exclusive of labor. We have recently pur- 
chased fused sodium arsenate (65% As.O;) at 8% cents per pound 
and stone lime at 75 cents per barrel. From these materials we have 
made arsenate of lime paste, containing over 20 per cent arsenic oxide, 
at a cost not to exceed 3 cents per pound. The biproduct, sodium 
hydroxide, if not removed, may injure delicate foliage. Most of the 
sodium hydroxide, however, may be readily decanted. 

Arsenate of lime was made in the same operation of slaking the 
lime for Bordeaux mixture for use in an experimental vineyard. No 
foliage injury resulted. 

Arsenate of lime has not been tested sufficiently to warrant an 
unqualified recommendation. This arsenical may have certain limi- 
tations, but it is apparently a promising and cheap insecticide. 

Mr. W. C. O’Kane: I would like to ask Mr. Scott whether he has 
any determination showing the soluble arsenic in the material. You 
state that there is sometimes burning of foliage and sometimes not. 
If the free arsenic is a variable quantity, it seems to me that the 
material offers some risks in its effect on the plants sprayed. 
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Mr. W. M. Scorr: The material used in my experiments ran from 
a trace of soluble arsenic up to one-half of one per cent. It was uni- 
formly lower in soluble arsenic than arsenate of lead. 

Presipent H. T. Fernaup: The last paper on the program will 
be read by Mr. H. A. Surface. 


FRAUDS, SEMI-FRAUDS AND QUESTIONABLES 
| By H. A. Surrace, Harrisburg, Pa. 


(Withdrawn for publication elsewhere) 


PRrEsIDENT H. T. Fernaup: If there is no discussion, we will now 
adjourn. | 
Adjournment, 6.00 p. m. 


Afternoon Session, Wednesday, December 30, 1914; 2.00 p. m. 


PresIpENT H. T. Fernautp: The first paper on the program will 
be read by V. I. Safro. 


THE NICOTINE SULPHATE-BORDEAUX COMBINATION 
By V. 1. Sarro, Louisville, Kentucky 


A considerable item of expense in spraying operations is the cost of 
application. Growers will frequently hesitate to spray, not on ac- 
count of the cost of the material, but because of the necessity of an 
additional application. ‘‘ Fewer applications,” is the demand of the 
grower today in his spraying practice. In choosing one of several 
materials for spraying, the answer to the question, ‘‘Can it be used in 
combination with other sprays?” will often determine the cheapest 
spray, and not the cost of the material per gallon. A spray may cost 
more per gallon but be cheaper in that it does not require a separate 
application. 

In attempting to ascertain the status, last spring, of the advisa- 
bility of combining Nicotine Sulphate with Bordeaux, we found that 
there was no consensus of opinion in the matter; in most cases, in 
fact, the attitude was taken that the combination should not be used 
on account of possible injury to foliage. This attitude was conserva- 
tive and proper in that new combinations should not be recommended 
as long as reasonable doubts exist as to their effectiveness. 
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THE PRoBLEM.—Three questions arose regarding the possible re- 
sults of combining Nicotine Sulphate with Bordeaux Mixture. 

1. Is free copper sulphate released as a result of the combination? 

2. Does the nicotine sulphate decompose in such a combination? 

3. Is the nicotine in the combination precipitated? 

The first question would indicate the bearing of the combination 
on the production of leaf injury. 

The second and third questions would, perhaps, indicate the modi- 
fication in the insecticidal properties of the nicotine in the combination. 

CopPER SULPHATE Not RELEASED.—The 4-4-50 formula was used 
in making up the Bordeaux for the experiments. ‘The chemical expe- 
riments were duplicated with commercial Bordeaux paste with results 
similar to the results recorded below with home-made Bordeaux. A 
commercial preparation of Nicotine Sulphate, containing 40 per cent 
nicotine, was used at dilutions of 1 to 800 and 1 to 1000. 

Bordeaux injury on the fruit or foliage is caused by free copper sul- 
phate. In our experiments we used the potassium ferro-cyanide test 
for free copper sulphate in the Bordeaux before and after the com- 
bination with Nicotine Sulphate. The tests were made immediately 
after combining the two, and one, two and three days later. In none 
of these cases was free copper sulphate present. To ascertain whether 
the indicator retained its properties in the combination, some free 
copper sulphate was added and its presence immediately shown by 
the dark reaction with the potassium ferro-cyanide. | 

No Lear Insury.—Field tests on a small scale were carried on in 
which Bordeaux 4-4-50, used alone and in combination with Nicotine 
Sulphate, 1 to 800, were sprayed upon foliage. These tests were con- 
ducted on August 16. It is true that foliage-spraying tests carried on 
so late in the season would not be conclusive in that the same degree 
of resistance to spray injury does not hold throughout the growing 
season. However, the plants sprayed included some with tender 
foliage, and the results may be taken as supplementary to the lab- 
oratory findings and the records of other workers. The foliage of the 
following plants was sprayed: Apple, pear, peach, sweet cherry, sour 
cherry, black walnut, rose, bean, tomato. . 

The foliage was examined at intervals of several days—the last 
examination being made on September 4—almost three weeks after 
the first application. 

Another set of foliage on the same species of plants was similarly 
sprayed on August 22. In neither case did leaf injury result. 

During the period the daily maximum temperature ranged from 
75° to 94° and the minimum from 61° to 76°. For four days following 
the first application there was no rain and for two days following the 
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second. On nine days the precipitation ranged from .02 to 1.33 inches. 
In other words, the variations in weather were sufficient for leaf injury 
to become evident within the three weeks during which the plants 
were under investigation. 

NICOTINE SULPHATE Not DrcomposEep.'— Two hours after mak- 
ing up the Nicotine Sulphate-Bordeaux combination it was analyzed 
for nicotine. The chemical record follows: 

“The percentage of nicotine, by calculation, in the Nicotine Sulphate-Bordeaux 
mixture should be 409/10,000 of 1%. (19.255 grams of Nicotine Sulphate—41% 
nicotine by gravimetric analysis, containing 7.8945 grams of nicotine, were added to 
19255 grams of Bordeaux mixture. This gives a calculated percentage of 409/ 10,000 
of 1% 

“The nicotine was distilled from a weighed quantity of Nicotine Sulphate-Bordeaux 
mixture with steam after the addition of Caustic Soda. The Nicotine in the distillate 
obtained was determined by the regular Gravimetric Method. 

“The actual analysis gives the nicotine content to be 413/10,000 of 1%.” 


All the nicotine, apparently, was recovered from the combination. 
Nicotine Not PrecipiratTep.—The chemical record follows: 


“A portion of the Nicotine Sulphate-Bordeaux mixture was removed, filtered and 
washed with distilled water. The filtrate was tested for nicotine, and washing con- 
tinued until no more nicotine passed through the filter. 

“(50 c.c. of original Nicotine Sulphate-Bordeaux was used; the wash water amount- 
ing to about 400 c.c., used in portions of 40 c.c. each.) 

“The filter paper ie its copper precipitate was introduced into a Aisninne. flask, 
caustic soda added, and steam distillation conducted as in regular nicotine distilla- 
tions. 

“The distillate was tested for nicotine with Silicotungstic Acid and not the slightest 
precipitate was obtained. 

““(Silicotungstic Acid will show a precipitate with nicotine in a dilution of one in 
300,000.) ” . 


InsuRY FOLLOWING THE CoMBINATION ExPLAINED.—Instances have 
been reported in which foliage injury followed the use of the combina- 
tion, and these cases of injury were often the bases of recommenda- 
tions to apply the two sprays separately. 

The cases of injury apparently belong to the same picenites as the 
injury sometimes following the combination of Nicotine Sulphate with 
lime sulphur or with arsenate of lead or arsenite of zinc. The latter 
combinations are widely recommended; still, occasional reports of 
injury are heard. ‘These cases are perhaps explained, as far as the 
combination itself is concerned, when we consider that under certain 
conditions lime sulphur, arsenate of lead and arsenite of zinc will cause 
injury even when used alone. As is well known, the same holds true 
of Bordeaux mixture. In none of the cases of reported injury have we 


1 The nicotine determinations in these experiments were made by Mr. H. K. 
McConnell, Assistant Chemist of The Kentucky Tobacco Product Co. 


202 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


been able to find that Bordeaux alone had been used at the same time 
and under the same conditions. In other words, though Nicotine 
Sulphate may be used in combination with Bordeaux, it will probably 
not prevent any injury that the Bordeaux would cause if used alone. 
This fact, however, need not affect the recommendations for com- 
bining the two sprays. 

SuccESSFUL UsE oF THE COMBINATION BY OTHERS.—Though the 
general attitude was conservative and the combination not generally 
recommended, records of its successful use were beginning to accu- 
mulate. 

A few of the following records were published, but most of them 
were obtained through correspondence in answer to letters of inquiry. 
(This is not intended as a complete list but includes merely instances - 
that have come to our attention.) 

Professor Watkins, University of Illinois, has used the combination 
for five years with excellent results.! 

W. B. Parker, Bureau of Entomology, used the combination for the 
hop flea beetle in 1909. No leaf injury was reported and the insec- 
ticidal properties of the combination were retained. ‘The author con- 
sidered that where the beetles were numerous and a large percentage 
around the vines, a Bordeaux-tobacco mixture should prove effective.* 

Fred Johnson, Bureau of Entomology, used the combination success- 
fully in 1911 on nymphs of the grape leaf hopper.’ 

Hartzell, New York Experiment Station, used the combination 
successfully for the nymphs of the grape leaf hopper in 1912.4 

Beach, Iowa Experiment Station, in 1912 recommended the com- 
bination and that soap be not used with it.® 

Sanderson,*in his book “Insect Pests of Farm, Garden, and Onehend! i 
states that tobacco extracts may be added to Bordeaux mixture to save 
a separate application. 

G. P. Gray, Chemist, California State Insecticide Laboratory, 
examined our laboratory methods and records and stated that the 
experiments seemed to be quite conclusive. Professor Gray’s tests 
showed that no soluble copper was produced by mixing Bordeaux with 
the ordinary tobacco extracts found upon the market.! 

Professor M. B. Waite tested the combination last summer on canta- 
loupes on his own farm. No foliage injury occurred and the Bordeaux 


‘In correspondence, 

* Bureau Entomology, Bul. 82, pt. IV. 
’ Bureau Entomology, Bul. 116, pt. I. 

4 New York (Geneva) Station Bul. 359. 
5 Iowa Station Bul. 127. 

5 Page 608. 
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and Nicotine Sulphate were apparently as effective as if they had been 
used separately.! 

H. A. Gossard, Ohio Experiment Station, states that the combina- 
tion has been used on grape foliage with no bad results by codperators 
of the Station. 

H.S8. Price, Horticulturist, Virginia Experiment Station, states that 
as a result of experiments in Virginia they believe that the combination 
may be used without danger of burning foliage and without lessening 
the insecticidal value of the tobacco extract.! 

Similar tests and results were obtained by T. J. Headlee, New Jersey 
Experiment Station.! 

H. F. Wilson, Oregon Experiment Station, conducted.a number of 
experiments with the combination and found that the insecticidal 
value of the Nicotine Sulphate did not seem to be at all impaired. No 
injury was caused by the application.t 

MiscELLANEOUS REMARKS.—It should be noted in our experiments 
that we used commercial Nicotine Sulphate. Free nicotine will combine 
with free copper sulphate, precipitating the copper. We have not in- 
vestigated the result of adding free nicotine to Bordeaux and are not in 
position to make any statements concerning the safety of such a 
combination. 

It has been stated by Professor Gray and others that the possibility 
existed that certain nicotine preparations containing much extractive 
matter would tend to dissolve the copper of the Bordeaux mixture. 
We have not investigated this matter and have no data bearing upon 
this phase of the problem. 

At this point we would state that the terms ‘‘tobacco extract”? and 
“nicotine solutions’? are not synonymous. The term ‘‘tobacco ex- 
tract’’is understood by the trade to mean an aqueousextract of tobacco 
which therefore necessarily contains the water soluble ingredients of 
tobacco. ‘Nicotine solutions”’ are understood by the trade to mean 
more or less highly concentrated solutions obtained by processes other 
than aqueous extraction. 

ConcLusion.—These results and records indicate that Nicotine 
Sulphate may safely be added to and applied with Bordeaux in all 
_ cases where Bordeaux alone may be safely used. 


Presipent H. T. Fernaup: The next paper on the program is 
by P. J. Parrott and W. J. Schoene. 


1 In correspondence. 
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THE INSECTICIDAL PROPERTIES OF VARIOUS SULPHIDES 
AND POLYSULPHIDES 


By P. J. Parrott and W. J. SCHOENE 


(A bstract) 


Recent years have witnessed the appearance on the market of a 
large number of spraying mixtures which derive their efficient prop- 
erties from sulphides and polysulphides of sodium, potassium, cal- 
cium and barium. Most of these are in liquid form, but three 
preparations in a powdered or granular state, containing sulphides of 
sodium, potassium and barium respectively as their chief constitu- 
ents are now offered for sale. It appears that methods for obtaining 
calcium sulphides in dry form have been devised, but so far only 
liquid preparations of these compounds are handled by dealers in 
spraying supplies. The amount of sulphur in proprietary insecti- 
cides containing sulphides and polysulphides of the different bases 
varies greatly, ranging for the sodium preparations from 1.79 to 58.92 
per cent; potassium, 2.39 to 38.72 per cent; calcium, 3.97 to 26.40 
per cent, and barium 16.54 to 44.0 per cent. 

The variation in amounts of sulphur in the commercial mixtures 
reveals a need of definite information as to the comparative insectici- 
dal properties of the foregoing sulphides as a basis for safe and specific 
recommendations. To obtain data as to the relative merits, experi- 
ments have been conducted for the past two years in which the com- 
pounds have been tested on the basis of their sulphur content, the 
sulphides and polysulphides of the different bases being used at vary- 
ing strengths to give similar ratios of sulphur respectively in the dilute 
mixtures. 

In experiments against the San José scale, using the compounds at 
the rate of four and three-fourths ounces of sulphur to a gallon, there 
were variations in effectiveness on individual trees, especially in apple 
orchards, which were, however, fairly distributed among the various 
plats. As gauged by blemishing of fruit, production of young scales 
and infestation of new wood, it was difficult to perceive that one prep- 
aration had any appreciable advantage over another. If the com- 
pounds do really differ in effectiveness, these results suggest that the 
differences in efficiencies are not great and apparently are such as 
could easily be overcome either by more thorough spraying or by slight 
additions to the sulphur content of the dilute mixtures or by the in- 
corporation of inexpensive substances to increase toxic properties. 
The work in general so far points to the conclusion that the strength 
of a preparation with regard to its sulphur content is a more impor- 
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tant consideration than the nature of the base of the sulphides and 
polysulphides. On the assumption that the compounds of the different 
bases are equal or nearly equal against the scale, the chief factors that 
enter into a choice of a proprietary insecticide are safeness to foliage 
when combined with arsenate of lead and economy, in which respects 
the advantage appears to lie with the calcium and barium sprays, 
the former being less expensive of the two. 

In tests to determine their values as stomach poisons, none of the 
compounds alone, apparently, including those of barium, were harmful 
to various species of leaf-eating caterpillers or beetles. In most in- 
stances arsenate of lead with the sulphides and polysulphides of sodium 
and potassium was somewhat quicker in manifesting its toxic proper- 
ties than when combined with the other compounds, which may 
be explained by the formation of soluble arsenic in the reactions be- 
tween the poison and the sulphides. Because of the chemical reac- 
tions, the sodium and potassium sulphides, while more rapid in their 
poisonous effects upon insects, were generally much more liable to 
cause injuries to the foliage of fruit trees than the calcium and barium 
compounds in combination with arsenate of lead. 

According to their nature and mode of action, various substances 
are incorporated in spraying mixtures to give penetrating and adhesive 
properties. The agents that are commonly used are silicate of soda, 
saccharates, soap, glue, gelatine, resin, and home-made and commer- 
cial oil emulsions. Tests show that glue, soap, glycerine, sodium sili- 
cate and oil emulsions of various formulas may be combined with the 
sodium and potassium sulphides, and that similar combinations are 
possible with the calcium and barium sulphides except in the case of 
soap and oil emulsions. As to the influence of such combinations on 
effectiveness, no marked results have been observed, except when soap 
and oil emulsions were employed with the sodium or potassium sul- 
phides against aphides or oil emulsions with the same sulphides for 
the control of the San José scale. The principal gain in the latter 
case appears to be in an increased rate of toxicity. The destructive 
action of the sulphides alone on the scale is apparently slower, and 
while prolonged over a more extended period may, however, prove no 

- less efficient. 


PresipENT H. T. Fernautp: The next paper is by W. M. Scott. 
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A NEW CONTACT INSECTICIDE 
By W. M. Scort, Baltimore, Md. 


Lime-sulphur solution is by far the most important contact insecti- 
cide now in use, and in tonnage it probably equals, if it does not exceed, 
all the other insecticides, combined. It is unique in that it is both an 
insecticide and a fungicide and has a wider range of usefulness than 
any other spray material. Applied to fruit trees in the dormant season 
it serves to control the San José scale, oyster-shell scale and some 
other insects, as well as the peach leaf-curl disease. In the growing: 
season it is used for the control of apple scab, apple leaf-spot, ‘“‘red 
spider’? and several other plant pests. It has largely supplanted the 
oils and soaps as scale remedies and has partly displaced Bordeaux 
mixture as a fungicide. 

On the other hand, this material is unpleasant to prepare on the 
farm, bulky and heavy to transport and difficult to store without loss 
from leakage and evaporation. Owing to these objectionable features. 
there has arisen a desire among fruit-growers for a “dry lime-sulphur”’ 
or a dry material that could be used as a substitute for lime-sulphur 
solution in the control of insects and diseases. Attempts have been 
made to produce such a material by reducing lime-sulphur solution 
to dryness, but the polysulphides of calcium upon drying decompose 
and become insoluble, thus largely losing their insecticidal value. 
Calcium thiosulphate, one of the ingredients of lime-sulphur solution, 
is soluble in water but experiments have shown that it is not an effi- 
cient insecticide. It therefore becomes necessary to employ some 
other base as a carrier for the sulphur. ‘The results of experiments 
conducted by the writer during 19138 and 1914 show that barium is a 
satisfactory material for this purpose.! Professor Parrott in his paper, 
just presented, has shown that a solution of barium and sulphur is: 
fully as effective as lime-sulphur solution in the control of the San José 
scale. 

Barium and calcium belong to the same mineral group and the poly- 
sulphides of these two bases, being so closely related, might be expected 
to possess about the same insecticidal and fungicidal properties. One: 
important difference in the two materials is that the polysulphides of 
barium, or at least one of them, can be produced in the form of soluble 
crystals while those of calcium cannot. / 

Boiling a given quantity of barium sulphide (BaS) in water with all 
the sulphur that it will take up produces a solution composed chiefly 


1The chemical work in connection with these experiments was performed by Mr.. 
C. B. Clark, a chemist of the Thomsen Chemical Company. 
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of barium penta-sulphide (BaS;) which when reduced to dryness under 
suitable conditions forms barium tetrasulphide (BaS,H.O) and free 
sulphur. This dry material also contains some thiosulphate (BaS.Os). 
As prepared for the writer’s experiments it analyzes approximately as 
follows: 


REE EO rie en 85% ! 
2 DBE SUTLTSINIESE ce ee ee a ee 7% Lore Tup Rm 7. 
TsSnt; ... eee eee 5% 


LEST UIPLISS 2 ES a ea 3% poteepar un oo 


The tetrasulphide occurs in the form of reddish yellow crystals of 
the rhombic system and it is readily soluble in cold water. The free 
sulphur and thiosulphate also largely dissolve in the tetrasulphide 
‘solution, leaving about 4 per cent of the material as insoluble residue. 


SPRAYING HXPERIMENTS 


During the dormant season of 1913-14 the writer conducted experi- 
ments for the control of the San José scale in Virginia, West Virginia, 
Pennsylvania and New York and in no case could there be observed 

—any material difference in the killing effect of the barium product and 
lime-sulphur solution. The results of an experiment conducted in a 
ten-year-old apple orchard at Sleepy Creek, W. Va. are shown in 
Table I. Trees moderately infested with the San José scale were 
selected and the spraying was done on December 5, 1913. In making 
the examination on April 29 and June 8, the old weather-beaten scales 
that were evidently dead before the spraying was done, or that died 
naturally during the winter, were, of course, not counted, so that the 
percentages given in Table I include only those scales that could be 
expected, normally, to pass the winter alive. 


Taste I. San Jos& Scare Experiment, SLEEPY Creek, W. Va., DecempBer 5, 1913 


Bie Materials Oz. to 1 gal. | Per cent Scale | Per cent Scale 
a Water Dead 4-29-14 | Dead 6-8-14 
1 Calroyinn iirosiillol e4 a ete oe ae a ea ee eee iets 16 59 60 
2 CV TVa TE EATING) aH sey ee Ate eR eee 6 83 , 90 
3 Aire Ae PALE Sole oop he Meese oe air cambios tease cutee 20 95 97 
4 Mime -SUlONUTISO] doe Dees sieht 5 et icitee Set 15 95 964 
5 BALM sil pNursolsoom Doses oe coats toe en 20 954 az 
6 Parkum-sulpMurselo da Dis oe. os -iH ane ce nds tag 15 95 993 
feae ebaniimesuiphur sols 3° Best so. --.s sv0h eee ancdec ess 28 100 992 
8 ava AG LUI-SU NUT aye ae tens Soe ee eee Rye ec ees 12 96 99 
9 Deva ATUUTTISSWLD AUT ea ene ements Aaya att cine 12 95 
10 CHeciweseiae, ce. Pe ee i Ee Sc fine Aiea, Pee Unsprayed 514 


The barium-sulphur solution mentioned in Table I is analogous to 
lime-sulphur solution and was made by boiling the simple sulphide 
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of barium with sulphur. The dry barium-sulphur is the material 
already described, the chief ingredient of which is barium tetrasulphide. 

It will be noted that the barium product killed the scale quite as 
effectually as the lime-sulphur solution, and that there was practically 
no difference in the effect of the dry form and the solutions. Calcium 
thiosulphate had no material effect on the scale, while calcium sulphide 
apparently did. However, these two materials were used on only 
one tree each which is not sufficient for conclusive results. The barium 
products were used on about 200 trees. _ 

Another experiment comparing the dry barium-sulphur product with 
lime-sulphur solution in the control of the San José scale was conducted 
in a three-year-old orchard near Hancock, Md. This orchard is com- 
posed of peaches and apples interplanted, and the plots were so ar- 
ranged that each contained at least one apple and one peach tree badly 
infested with the San José scale. About 200 trees were sprayed with 
the dry barium product and a like number with lime-sulphur solution. 
The application was made on March 25 and 26, 1914, and the trees 
were examined several times during the spring and summer. ‘The 
results of examinations made on May 30 and July 4 are shown in 
Table II. 


Tasue II. San Josm Scaue Experiment, Hancock, Mp., Marcu 25-26, 1914. 


i Per cent Scale ; 
Plot Materials ae me a Dead cae 
5-30-14 

il Drysbarum-sulphuni(a) ime. ce eecke ee ease ene eee 16 993 None 
2 Drvgbarium=sulphuriy.s sve eee eeR rear rors awn 24 100 % 
3 Dry DariuIm=sulPhurss once hosed mer eee ee eee er te 32 100 i 
41 Lime-sulphur sol....... RNP ehits AB Ria ATI na TEE Aan 59 992 ie 
5 Dryabarivim-sulpnuUrd) soe, soe asec ae ee ose ines eee 16 993 sf 
6 Wryabanium-sulp liye eles ey at ai ee tenet a eercenen te X24 993 e 
7 Dryabariiim-sulphuree cede ee sistent Se ae te 32 _ 998 rs 
8 Drvabarlum-=sulpaiuncn (Came i ete, fee ei ee ees ee eee 16 100 g 
Dryabarium=sulphun caer aetna nesnie ia nese: 24 99 te 
10 Dry banium-sull pains eee eon tno ip taraleo nag vent aie nate 32 100 r 
11 Dryabarium-sulp Mute cere cece sees ee te ee 10 993 ss 

12 Cec lek ete y eae eerie ee cam ea ore sat ee Ry Pn Unsprayed 50 Many 


(a) represents the dry BaSsH2O with all the impurities, (b) the same material with most of the impurities removed, 
and (2) the same as (6) but prepared in a somewhat different manner. 

1 Plot 4 was sprayed with lime-sulphur solution (32°-339 Beaumé) diluted at the rate of 53 gallons (59 Ibs.) to 50 gallons 
of water. : 


As shown by the figures in Table II there was practically no differ- 
ence in the insecticidal effect of the barium-sulphur crystals and lime- 
sulphur solution. An examination on May 30 showed from 99 per 
cent to 100 per cent of the scale dead on all the sprayed plots and 50 
per cent on the unsprayed plot. On July 4, crawling and newly settled 
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young were found in abundance on the unsprayed trees, but none could 
be found on the badly infested trees which had been marked for exam- 
ination in each of the sprayed plots. Subsequent examinations made 
on August 19 and Nevember 27 showed no change in the results except 
that the infestation on the unsprayed trees grew steadily worse. 

In 32 pounds of the dry barium product there is about the same » 
amount of sulphur as is contained in 59 pounds (53 gallons) of the lime- 
sulphur solution used and yet 16 pounds of the former material to 50 
gallons of water were sufficient to control the San José scale. A dilu- 
tion as weak as 10 pounds to 50 gallons of water apparently killed the 
scale, as shown in plot 11, but this strength was used in only the one 
experiment and the results should, therefore, not be considered con- 
elusive. However, the strength of 16 pounds to 50 gallons of water 
was used in several different orchards with uniformly good results, 
which would indicate that, when combined with barium, less sulphur 
is required to kill the scale than when combined with lime. 

An experiment for the control of the oyster-shell scale was conducted 
in the laboratory at Baltimore and here again the dry barium-sulphur 
product proved to be as effective as lime-sulphur solution. On March 
3, 1914, poplar branches badly infested with this scale insect were 
placed in jars of water in a warm room and sprayed with these 
materials. A similar branch was left unsprayed as a check. The 
branches threw out roots from the cut surface in the water and kept 
alive long enough for the conclusion of the experiment. The old 
female scales were gorged with eggs which began to hatch on April 2, 
when 83 young were counted crawling over the unsprayed branch. 
No young were out crawling on any of the sprayed branches but by 
removing afew mother scales it was found that the eggs were beginning 
to hatch. 

At the conclusion of the experiment, April 17, all of the eggs on the 
unsprayed branch had apparently hatched and the writer counted 
300 young which had settled down and formed a scaly covering. On 
the branch sprayed with barium-sulphur (BaS,H,.O-+), 5 ounces to 1 
gallon of water, about 90 per cent (estimated) of the eggs hatched and 
most of the young died without emerging from beneath the mother 
scales. Thirty-four young had succeeded in emerging but only two 
of these remained alive. On the branch treated with 7.7 ounces of 
barium-sulphur to 1 gallon of water, all the young died without emerg- 
ing from beneath the mother scales. On a third branch treated with 
10 ounces of barium-sulphur to 1 gallon of water the same results were 
obtained, except that 30 young emerged, all of which died without 
settling down. On a branch sprayed with 1 pint of lime-sulphur 
solution to 50 gallons of water, 300 young issued but all died with- 
out settling down. 

4 
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During the growing period of 1914 spraying experiments were con- 
ducted in several apple orchards to determine the fungicidal value of 
barium-sulphur as compared with lime-sulphur solution. It was di- 
luted at the rates of 3 pounds and 6 pounds of the crystals to each 50 
gallons of water and was used alone, in combination with arsenate of 
lead and in combination with arsenate of lime. Fungous diseases, * 
such as apple scab and apple leaf-spot, were controlled by this,material 
to about the. same extent as by lime-sulphur solution, and no injury 
to fruit or foliage was produced. 

Also, 50 peach trees were sprayed with barium-sulphur, 3 pounds to 
50 gallons of water, about three weeks after the petals fell and again 
one month later. Arsenate of lead (13 pounds to 50 gallons) was 
added to the solution in the first application, but not in the second. 
No injury to fruit or foliage was produced and peach scab (Cladosporium 
carpophilum) was thoroughly controlled. This would indicate that 
barium-sulphur is less likely to injure vegetation than lime-sulphur 
solution which is known to be quite injurious to peach foliage. 


Mr. J. 8. Houser: I would like to ask the cost per pound of 
barium sulphide? 

Mr. W. M. Scott: The cost so far as the manufacturers are 
concerned has not been worked out definitely. My understanding is 
that it will cost about four cents a pound and that at that price the 
original cost at the factory will be a little more than lime-sulphur 
solution but the difference will be made up by the difference in freight. 

One thing I did not call attention to and that is that with 10 pounds. 
to 50 gallons of water, it controlled the scale just as well as it did at 
16 pounds or at 82 pounds. In other words, it would seem that when 
combined with barium the sulphur is somewhat more effective than 
when combined with lime, or rather, that much less sulphur is effective 
when combined with barium than when combined with lime, which, 
if this proves true, would make the barium gies cheaper than the 
lime-sulphur solution. 

A Memper: I would like to ask if this is in the form of enyevals 
that can be reduced to dry powder? 

Mr. W. M. Scott: The formula is BaS.H.0,-but it can be 
ground to a powder. 

Mr. R. L. Wesster: I would like to ask in regard to destroying 
the eggs of the oyster-shell scale, how did you determine that the eggs 
were killed? | | 

Mr. W. M. Scorr: I did not intend to say that it killed the eggs 
of the oyster-shell scale. What I intended to say was that it appar- 


_— 
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ently prevented some of the eggs from hatching. Practically all of 
the eggs on the unsprayed branches hatched while 10 per cent or more 
of those on the sprayed branches failed to hatch and dried out. Ba- 
rium-sulphide is fully as caustic and objectionable as lime-sulphur; 
so far as we have been able to determine, it keeps indefinitely; that is, 
we have had it for more than a year and it has not decomposed yet. 
Upon long exposure open to the air, it will gradually oxidize and a 
fine powdery substance accumulates on the outside of the crystals 
which amounts to a very small percentage after standing for more 
than four or five months. 

Mr. T. B. Symons: I presume it would have- about the same 
effect on leaf curl as lime-sulphur. 

Mr. W. M. Scott: The fact that it has done everything that 
lime-sulphur has done in all of the experiments would lead us to 
believe that it would act about the same on leaf curl, although we have 
not had an opportunity to try it on that disease. We sent some to 
California and Mr. Foster made some experiments on lemon trees for 
red spider and other mites, comparing it with lime-sulphur solution. 
He obtained something like 98 per cent efficiency in controlling the 
citrus red spider and there was no injury to the foliage, while lime- 
sulphur solution applied at the same time scorched the foliage. It 
looks as though there is a promising field for this material in citrus 
spraying. 

Mr. P. J. Parrorr: In regard to the fungicidal properties of 
barium-sulphide, I will say that we used it in solution last spring with 
satisfactory results to control apple scab. 

PresIDENT H. T. FerRNALD: The next paper will be read by J. W. 
McColloch. 


RECENT RESULTS IN THE USE OF DUST SPRAYS FOR CON- 
TROLLING THE CORN-EAR WORM 


By James W. McCottocu, Assistant Entomologist, Kansas Agricultural Experiment 
Station 


The corn-ear worm (Heliothis obsoleta Fab.) has long been recognized 
as one of the most difficult of the staple crop pests to control. A 
study of its life economy shows that there are a number of factors in 
the life cycle of this insect that are prohibitive of complete control 
and that the best that can be hoped for is a material reduction in the 
amount of injury: first, the larve feed almost entirely within the curl 
of the corn plant or within the ear where they are inaccessible to 
parasitic enemies and where as.yet it is impossible to reach them with 
a spray; second, the larve are able to feed and develop on a wide 
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range of host plants; third, the adult moths are strong fliers and are 
able to travel readily from one field to another; and, fourth, the females 
are capable of depositing from five hundred to two thousand eggs, the 
eggs being laid singly and generally only one on a plant. 

Numerous measures for the control of this pest’ have been advocated 
from time to time and some of them have proved effective in reducing 
the amount of injury. While the greater part of these measures are 
cultural in nature and aim at the prevention of the injury by the 
destruction of the insect before it infests the plant, a few of the meas- 
ures advocated are remedial ones and are directed at the destruction 
of the insect after it infests the plant. Probably the most generally 
recommended remedial measure is that of poisoning. As early as 
1879 Professor Comstock recommended the use of Paris green, either 
with water or dry with flour, as a means of destroying this insect on 
cotton. ) 

Spraying as a measure of controlling the corn-ear worm on corn 
not only has received much prominence during the last few years but 
also seems to be growing in favor, and from a number of different 
sources good results have been reported in regard to its effectiveness. 

Six years ago the Department of Entomology of the Kansas Agri- 
cultural Experiment Station took up a study of this method and since 
then the work has been carried on more extensively each year. It was 
found that a large percentage of eggs deposited during the summer 
were placed on the fresh corn silks and that the worms causing the 
injury to the ear originated from these eggs. The young larve on 
hatching from the eggs begin feeding on the silks and eating their way 
down into the ear. From the data thus accumulated it seemed possible 
to control a larger percentage of the injury by keeping the silks sprayed 
during the silking period. 

As a preliminary to certain general awragis exoenment: some work 
was done to determine what poison could be used most effectively 
against the corn-ear worm and at the same time not be injurious to 
the silks. From the results of this work it was found that powdered 
arsenate of lead was the most efficient poison.., 

During the past six years in Kansas the average number of ears of 
corn injured by the corn-ear worm ranged from 85 to 95 per cent and 
from 5 to 25 per cent of the grains on these ears have been injured, 
either by the worm or by the accompanying moulds and fungi. Much 
of this injury has been so severe as to render the corn unfit for feed or 
for seed or show purposes. 

During the past summer the department of entomology, in coépera- 
tion with the Union Sulphur Company, carried on a series of dusting 
experiments. Three plots, each one-third acre in extent, were dusted 
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with different strengths of Corona dry arsenate of lead. ‘The silks 
in Plot 1 were dusted with 100 per cent arsenate of lead, those in Plot 
2 with 63 per cent arsenate of lead, and those in Plot 3 with 50 per cent 
arsenate of lead. Sulphur was used as a carrier of the lead in Plots 
2 and 3. A fourth plot was kept for a check. The dust which was 
applied by shaking from an ordinary cheese-cloth bag was applied 
every. three days during the time the silks were fresh. No attempt 
was made to get the poison on any other part of the plant. Owing to 
the dry weather the applications were made more frequently than 
would ordinarily be necessary. The results of this experiment are 
shown in the table. 


TapBLeE SHOWING THE ResuLts oF Dustinc Corn To Controt Har-Worm Inyury 


| Cosy Amount 
) i ; 
Plot | Treatment ue: peut Hits | ee on Cea Mould Vield 
; Injured | Injury : 
Poison | Labor | Total | Injury 
| | 

1. 4100% Ae of .| $3.36 | $1:76 | $5.12 63 Less than 1% None LOW Ae Due 
2....| 63% A. of L. 19827| 1.61. | 23:43 66 Less than 1 % None 1256 
3 50% A. of L 2220).|", 1270 |, 3290 88 About 5% Moderate 12e5aes 
4....| Check | 98 About 10% ? Bad 119595 


While over 60 per cent of the ears in Plots 1 and 2 were injured by 
worms the damage was so slight as to be almost negligible. In almost 
every case only one or two grains were injured on each ear and the 
usual moulds and fungi which accompany corn-ear worm work were 
not present. In the check plot the injury due to the ear-worm and to ' 
the accompanying moulds and fungi was so bad that much of the corn 
was unfit for feeding to stock, especially to horses. 

The results of the past summer show that the 63/per cent mixture 
controlled the corn-ear worm practically as well as did the pure arsen- 
ate of lead. The difference in cost, however, was about $5.00 less per 
acre in favor of the 63 per cent arsenate of lead. 

From the results given in the table it is seen that the cost of this 
treatment is prohibitive where corn is grown for forage and grain 
purposes. It is the opinion of the author that this cost can be reduced 
fully one-half by lengthening the period between applications to five 
days and by using ‘a cheaper carrier, such as hydrated lime. ‘This, 
however, would still make the cost at least $5.00 per acre. Where 
corn is raised for show purposes or for seed and roasting ears, dusting 
can be recommended as being very profitable. Sweet corn can be 
sold on the market for from five to ten cents more per dozen ears: 
when it is known to be free from ear-worm injury. 


S") 
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The following conclusions may be drawn from ae results thus far 
obtained: 

(1) The amount of corn-earn worm injury can be eres reduced 
by the thorough dusting of the silks. 

(2) The cost of this treatment is prohibitive where corn is raised for 
grain and forage purposes. 

(3) This treatment is profitable where corn is grown for roasting 
ears, show purposes or for seed. 

(4) Sixty-three per cent arsenate of lead is equally as effective as 
pure arsenate of lead and costs less. 


> 


PRESIDENT H. T. FeErRNatp: The next paper will be by Leonard 
Haseman. | 


THE CORN-EAR WORM 
By L. Haseman, Columbia, Mo. 


During the past few years this pest has been unusually abundant in 
Missouri and has done an enormous amount of damage to corn and 
other crops. Mild winters with dry summers followed by early fall 
rains seem to provide the most favorable conditions for this pest. Our 
records of the past three years seem to prove this. This pest has been 
on the increase for the three years just past and since the generally 
recommended precautions and remedies have given little relief, an 
attempt is being made to study the life and habits of the insect more 
carefully in hopes that some treatment may be devised which will 
prove more effective in controlling this pest. The work is scarcely 
begun so these remarks will be confined to those facts which we have 
been able to work out during the past year. 

Foop PLants.—Corn is clearly the favorite food of this pest, though 
it feeds readily on other plants and plant parts. Early in the season 
the caterpillar works down in the growing tip of the corn. Its work 
in the ears begins at “shooting” time and may continue until the 
grains are dry and hard. Green tomatoes are also badly attacked, 
especially in the fall. Cotton where it is grown is also a favorite food, 
the caterpillars boring into the bolls and feeding on the seeds and fiber. 
The caterpillars are also destructive to beans, peas, cowpeas and other 
legumes which develop pods. Late in the fall they may attack the 
succulent growth on alfalfa, clover and other plants. They feed 
largely as borers though they may feed exposed on the foliage and 
tips of plants. They are very voracious when hungry, often feeding 
on each other or other species of caterpillars. They are, therefore, 
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quite general feeders, especially late in the fall when they are not con- 
fined to cornfields by any means, which makes it impossible to reach 
them with winter plowing. 

Lire History.—The number of broods a year in Missouri has not 
been carefully worked out if in fact there is a definite number. It is 
a question as to just how many broods occur before the ears form. 
After the ears form the broods so overlap that it is difficult to differ- 
entiate them, though from our breeding records it is evident that there 
are a number of broods a year. 

Egg.—The female ovaries contain as many as 1000 eggs in all stages 
of development. It is not likely that all are matured and deposited, 
though judging from the number of eggs found on the silks of one ear 
this is not unbelievable. Egg laying must last several days. Eggs 
are invariably placed on the corn silks the first night they are out. In 
some cases 70 eggs have been found on the silks of a single ear. Most 
of the eggs are stuck to the silks though some are deposited on the 
shucks. 

Caterpillar.—The eggs hatch in about three days on an average, so 
that the worms are at work on the silks almost as soon as polleniza- 
tion has been completed. At first the caterpillars are too small for 
the average eye to detect them readily. They feed at first on the 
fleshy silks and as they increase in size, follow the silks down to the 
grains and feed on them. Later other eggs are deposited on the tips 
of ears so that small and large worms are found in the same ear. In 
some cases one caterpillar may form a tunnel almost the full length of 
the ear, though more often it destroys all the grains at the tip. 

The average length of the larval period is 184 days and has been 
found to vary from 16 to 21 days. 
~ Pupa.—Pupation occurs in the soil or rarely under moist rubbish. 
The depth to which the caterpillar bores before pupating varies. In 
breeding jars with from one to three inches of sand or soil they bore 
to the bottom invariably. 

The pupal period in the fall varies from 7 to 18 days with an average 
of 14 days. 

Adult.—The moth is very active and feeds on nectar of flowers and 
juices of fruits. It flies and feeds during the day as well as at night. 
This is especially true on cloudy days. The eggs are not all matured 
at the same time and evidently the food taken is used in maturing the 
eggs during the egg-laying period. 

The length of the life of the adult moth was not deemed except 
in case of moths reared and confined in breeding cages. Under those 
conditions the moths soon die, the average life being 5 days. In 
nature the life period of the moth is evidently much longer. This 
must be determined. 
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EXTENT OF INJURY. —During the past summer dd fall 75 to 80 per 
cent of field corn grown in bottom land which had been in corn last 
year and winter plowed was attacked by this pest. . The extent of this 
injury to each ear varies but the total loss is at least 10 per cent of the 
crop. In case of fall grown sweet corn 100 per cent of the ears were 
attacked with practically a complete loss of the crop. With such 
damage as this the total loss throughout the corn belt amounts to 
several millions of dollars. * 

The actual damage does not stop with the corn which is consumed 
_ but fungus growths of the smut type follow up the work of the worm 
and destroy much more of the corn. Some of these smuts seem to have 
poisonous properties and some veterinarians attribute the poisoning 
of stock fed on wormy corn to these smuts. If this is true the pest is 
indirectly responsible for such losses. In the past three years a great 
many animals have been lost due to poisoning in this state. 

EXPERIMENT FOR PREVENTING INJURY.—Since it is not possible to 
reach the pest successfully with remedies generally recommended and 
since codperation of farmers is not possible, an attempt has been made 
to find some treatment of corn which will protect the crop during the 
erowing season. The pest being one which feeds first on the silk and 
later enters the ears, it was thought that some treatment of the ears 
at “shooting” time might accomplish this. 

We have used a number of materials both in the form of a spray 
and asa dust. It is necessary that the material used must not injure 
the silks or ears and if it is to give results it must either poison the 
young worms or repel the moth or worms. The repellents used have 
given no results so far. The poisons in some cases injured the corn, 
in other cases gave no results, while in case of powdered arsenate of 
lead the damage was reduced from 75 to 35 per cent. 

This work is to be continued along those lines which have proven 
most successful. This year we used 5 acres of field corn and one- 
fourth acre of sweet corn in our experiments. While at present the 
results seem rather discouraging I believe an economical treatment 
can be found that will save the corn crop. 


Mr. Witmon Neweu: I would like to ask Mr. McColloch 
whether he made any observations on the feeding of the larve on the 
silks before they made their way inside the shuck. 

Mr. J. W. McCottocu: They may feed for a few hours after 
hatching. They feed on the egg shell first and then start down into 
the ear. We have not carried on very much work along that line but 
they move pretty rapidly to the ear and probably within six hours | 
after they hatch they are down in the tip of the ear. | 
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Mer. T. J. Heapuee: I think Mr. Richardson can tell us some- 
thing about this. 

Mr. ©. H. Ricnarpson: Experiments were made summer before 
last in which we found that the young worm was in the apex of the 
ear within twenty minutes after hatching. These were laboratory 
experiments. I was not able to prove this in the field as the difficulties 
of observation were many. There was very little feeding until the 
worms were within the apex of the ear well hidden in the silk. I think 
the efficiency depends on a little of the insecticide deposited on the 
silks sifting downward as the silks grow out. 

A Memper: I would like to ask if good results have been obtained 
with hydrated lime, as we found it was very difficult to prevent a 
separation of the arsenate of lead and the hydrated lime. 

Mr. J. W. McCoxttocw: As far as I know hydrated lime has 
not been used very extensively. The chemical company with which 
we codperated this year suggested its use in the place of sulphur. 

Mr. T. J. HeApteE: At one time we collected a little evidence 
on the use of lime as a diluent for powdered arsenate of lead. Gen- 
erally speaking these tests showed no injury. In some cases, however, 
the collection of the lime and lead at the axils resulted in the bleaching 
of the leaf at that point. This was not, however, the universal rule, 
indicating that the constitution of the lime was variable. As a matter 
of fact, it is extremely probable that the air-slaked lime used was not 
yet entirely changed and that the bleaching occurred when the lime 
was still caustic. The physical nature of lime seems well adapted - 
to serve as a diluent for the powdered lead, but its caustic nature must 
be changed. ier 

I should like to ask a question on my own account. I should like 
to inquire whether Mr. Haseman or Mr. McColloch have made use 
of a mechanical distributer of the poisons, and what results they have 
gotten, if any. 

Mr. Hasreman: Would simply say that our machine will powder 
off—a thin dust. | 

Mr. McCoutocu: We used an ordinary cheesecloth bag. 

Mr. Heapiee: I asked that question because in the summer of 
1913, Mr. Richardson of our department made a thorough test of a 
horse machine. This distributer was devised by the late Mr. Karl R. 
Wundt and the speaker and built by the Dust Sprayer Manufacturing 
Company of Kansas City, Mo. The mixture was delivered as dust 
under pressure and gave the whole corn plant, especially the ear, a 
fine coating of the poison. It was tried in Missouri by Mr. Wundt in 
the summer of 1912 with excellent results. In our test it failed to 
effect control. A careful study showed that it failed because the young 
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worm in most cases penetrated the silk below the poison before attempt- 
ing to feed. ‘The maintenance of the small pile of dust placed on the 
silks in course of hand application caused the poison to filter down 
between the silks as they grew and kept the very zone in which feeding 
began poisoned. In this way the hand applied poisons effected satis- 
factory control while the machine applications failed. 

Mr. F. C. Bisnopp: Mr. McColloch is to be congratulated. 
The control of the boll worm is certainly rather difficult in the case 
of corn. It seems apparent that they do not have the worm as badly 
in these two states, Kansas and Missouri, as we had farther south. 
In Texas for instance, almost 100 per cent of the ears are infested in 
certain localities. The number of worms is apparently much greater. 
There we have found that often corn ears are infested by larve which 
hatch from eggs deposited on the husks or somewhere else than on the 
silk, within one day or less after the silk begins to put out. You would 
have to begin your poisoning the minute the ear begins to show silk. 
Another point, I fear we will experience much difficulty in getting this 
poisoning system established in many of the corn-growing regions. 
While it may be practical on a rather small scale, it is doubtful if the 
same method will be generally applicable. 

Mr. Lronarp HaseMAN: We also get worms in every ear of late 
corn so that not merely 70 or 80 per cent but 100 per cent injury 
occurs in the case of late maturing corn. 

I would like to ask Mr. McColloch if he has used poisoned bait for 
the moths; and also if he notes any difference in the work of the pest 
on ears which have been opened slightly just at “shooting” time? 
We seem to find that if we open the ears slightly at the tip, we have less 
worms than where they are untouched. 

Mr. J. W. McCoutuocH: We tried the poisoned baits on moths 
and also attempted to catch them in fly traps, but the results were 
practically negative. 

Mr. T. B. Symons: I would like to ask Mr. McColloch as to 
diluting arsenate of lead? 

Mr. J. W. McCoutuocH: Sixty-three per cent arsenate of lead 
contains 63 parts of arsenate of lead and 37 parts of sulphur. 

PRESIDENT H. T. FeRNaup: I would like to say as a matter of 
record in addition that during the twenty-eight years that the Experi- 
ment Station in Massachusetts has had an Entomological Depart- 
ment, four cases, I believe, of the occurrence of the corn earn worm 
have been recorded, all of these from the extreme southern or south- 
eastern portion of the state, from the territory that I have in my 
address alluded to as rather typically southern in its nature. 

PRESIDENT H. T. Fernatp: The next paper will be read by Mr. 
George A. Dean. 
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FURTHER DATA ON POISONED BRAN MASH FLAVORED WITH 
FRUIT JUICE AS A MEANS OF CONTROLLING SOME 
INSECTS 


By Geo. A. Dean, Entomologist of the Kansas Agricultural Experiment Station 


GRASSHOPPERS 


Last year the writer read a paper before this association describing 
how the grasshopper outbreak in Western Kansas was successfully 
controlled by distributing over the infested areas poisoned bran mash 
flavored with either orange or lemon juice. In that paper it was stated 
that almost one thousand tons of poisoned bran mash were distributed 
in twelve counties, totaling an area of twelve thousand square miles 
and that from 60 to 80 per cent of the grasshoppers were killed by the 
one application. In the discussion that followed the writer further 
stated that the adverse conditions produced by the dry, hot weather 
probably played a considerable part in the unusual results accom- 
plished. However, during the past season the same poisoned bait was 
thoroughly tested in several localities where the climatic conditions 
were entirely different from those of Western Kansas and the reports 
from these districts are equally as good as those had in Kansas. In 
an editorial of the August number of the JouRNAL oF ECONOMIC 
ENTOMOLOGY we find the following statement relative to the use of 
the bait in New York: “A localized though widespread outbreak of 
the redlegged grasshopper and several associated forms was quickly 
handled in threatened grain fields by the use of the Kansas bait, 
brought to notice only last year. Dying insects were to be seen within 
four hours after the distribution of the bait and within three days 
about four-fifths of the grasshoppers in a field were dead.”’ A letter 
of November 12, 1914, from Mr. Arthur Gibson, chief assistant ento- 
mologist of the Dominion of Canada, states: ‘‘ You will be interested 
to know that we had excellent results with the Kansas formula flavored 
with lemons in Ontario and Quebec provinces. Near Ottawa counts 
made diagonally across fields of oats, etc., gave 50 to 414 dead locusts 
to the square yard. The cost was 25 cents per acre including labor. 
In Quebec province the application of the mixture was even more 
remarkable, the results being from 900 to 1,200 dead insects to the 
square yard. The cost was 18 cents per acre exclusive of labor.” 

This year in Kansas the poisoned bait was used under entirely differ- 
ent conditions than those of the summer of 1913. There was no general 
outbreak of grasshoppers but there were several local infestations in 
the central and even in the eastern parts of the state, and during the 
late summer and early fall the grasshoppers were in sufficient numbers 
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to seriously threaten the new alfalfa and the new wheat. They came 
into these crops from adjoining fields, pastures and roadsides, and had 
the farmers not been prompt in the distribution of the bran mash the 
grasshoppers would have seriously injured the crops. The farmers 
were in close touch with the situation and just as soon as the grass- 
hoppers moved into the edge of the alfalfa or new wheat, a strip of the 
poisoned bran mash was scattered broadcast early in the morning along 
the edge of the crop into which they were moving. If they had already 
spread into the fields the bran mash was sown over the infested por- 
tions. It was scattered in such a manner as to cover about five acres 
with the amount of bait prepared by beginning with twenty pounds of 
bran. Inasmuch as the grasshoppers kept coming into the alfalfa and 
wheat from adjoining fields, it was necessary in several cases to make 
a second and even a third application of-the bait at intervals of from 
three to four days. In practically all cases where the bran mash was 
‘used the farmers were successful in destroying the grasshoppers. 


ARMY WorMS 


The past season was an unusual one in Kansas for serious outbreaks 
of insects, consequently there were several opportunities to thoroughly 
test the value of poisoned bran mash for the control of insects other 
than grasshoppers. One of the first insects to appear was the army 
worm -(Leucania unipuncta). It appeared in devastating armies in 
many localities over a large portion of the eastern half of the state. 
In some instances from ten to fifteen acres of corn and several acres 
of garden crops were completely destroyed in a single night. -Alfalfa 
fields of from ten to one hundred acres were soon devastated. For- 
tunately, the army worms were discovered early enough in the season 
to give a few days to prepare to meet them. Eight or ten days before 
the farmers were aware of the danger threatening them, the army 
worms were discovered in corn fields that previously had been in rye. 
In fields of this sort the dust barrier was impracticable because the 
worms were distributed all through the field. Poisoned bran mash 
flavored with oranges was at once sown broadcast. Within two hours 
the worms were dying and the next day from 90 to 95 per cent of them 
were dead. In other fields where the worms had already destroyed 
the corn and were moving into nearby corn fields or into garden crops, 
it was impossible to check them by means of a dust barrier or a ditch 
because of rainy weather. A strip of bran mash was sown just in 
advance of the worms. So effective was the bait that the corn and\ 
garden crops on the other side of the strip were unmolested.! 

1 It should be stated that while several of the experiments were being conducted 


the army worms were feeding and moving during the day. It was cloudy and slight 
rain was falling part of the time. 
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On finding the poisoned bran mash practically one hundred per cent 
effective, not only under different climatic conditions but also with 
the worms infesting different crops and moving in different manners, 
the writer felt safe in recommending it as the most practical and effec- 
tive method of controlling the army worm. No time was left for 
further experiments. The department, through the county demon- 
stration agents and its special reporters, was in close touch with the 
situation over the state. On May 30 the general warning was sent 
out by wire and by letters calling attention to the seriousness of the 
infestation and urging immediate action. The next day the daily 
papers gave wide publicity to the serious outbreak and recommended 
the use of the bran mash, the dust barrier, and spraying with an arseni- 
cal spray. Within two days several of the county agents through the 
bankers’ associations and county clubs and by the use of the rural 
telephones had their counties not only organized but had the farmers 
already distributing the bran mash. In nearly all cases the farmers 
were prompt in organizing and putting into operation the methods of 
control recommended. If the worms were moving into an adjoining 
field a strip of the bran mash was sown broadcast along the edge of 
the field into which they were moving. If they were already in a field 
of corn and the corn was small, the bait was sown broadcast down in 
the lister furrows. If the corn was larger, it was scattered so that a 
small portion of the mash dropped in the curl. If they were abundant 
in an alfalfa field the crop was cut at once and the worms destroyed as 
they were moving into an adjoining field. If they were working on 
alfalfa that was just starting up after it had been cut, the bait was sown 
broadcast over the infested field. Instructions were given to scatter 
the bran mash in the evening unless the worms were working or moving 
_ during the day, which they did on cloudy and slightly rainy days. 

In nearly all cases the results were excellent. Many of the reports 
from the county farm agents stated that large numbers of the worms 
were dead within thirty minutes after the poisoned bait was applied 
and within two hours the majority were killed. One of the men of 
the department stated that in one case the army worms were coming 
into a corn field from an adjoining field of rye. To reach the corn 
they had to pass through an osage orange fence and during the day 
they congregated along the hedge in large numbers, and undoubtedly 
would have moved into the corn at night. Since there were hundreds 
of worms to the square yard along this fence it was an ideal place to 
distribute the bait. A heavy sowing was made just before noon under 
the hedge and along the rye field. Within thirty minutes hundreds of 
dead worms were found. Within two hours the ground was covered 
with dead ones and practically every small depression was filled with 


— 
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them. Counts made in average places along the hedge showed over two 
hundred dead worms per square foot. 

Such excellent codperation was had from nearly all the farmers, and 
so well organized were many of the counties—credit for which should 
be given to the county farm agents—that within less than two weeks 
the army worm infestation was completely under control and instead 
of a loss of some five or six million dollars to agricultural crops (which 
would be a conservative estimate of the damage if the worms had not 
been destroyed, and a loss that actually did take place in an adjoining 
state) the damage in Kansas was considerably less than a million 
dollars. 

VARIEGATED CUTWORM 


It is nothing unusual in Kansas for the variegated cutworm (Peri- 
droma saucia) to appear in great numbers in local districts and take 
on the habits of the army worm. In the spring of 1909 the infesta- 
tion of this insect, which was more severe than usual, extended over 
several counties in the south central part of the state. At that time 
they appeared in the early spring and destroyed thousands of acres 
of wheat and many acres of alfalfa. The writer as well as two other 
men of the Experiment Station spent several days in the field endeavor- 
ing to find an effective method of control. The ordinary poisoned 
bran mash did not prove effective and was soon discarded as an ineffec- 
tive and an impracticable method of control. 

The infestation of last spring was a much wider one, extending over 
almost the same territory as that infested by the army worm. In 
fact, in many cases the army worms were associated with the cutworms 
in the alfalfa fields. Instead of injuring crops early in the season and 
confining their attack almost entirely to wheat as they did in the pre- 
vious infestations, they appeared almost sixty days later or about the 
first of June, and the main injury was confined to the alfalfa, although 
in a few cases after the alfalfa had been cut, they migrated into garden 
truck and corn. - 

The first crop of alfalfa was cut during the last of May and the first 
week in June. If army worms were present they at once moved into 
the adjoining fields of corn, wheat, or garden truck, but in nearly all 
cases the cutworms remained in the alfalfa. Climatic conditions were 
very favorable for a rapid growth of the second crop, which was suffi- 
cient to hold the cutworms, although apparently it did not entirely 
satisfy their appetites. Within two or three days the farmers noticed 
that the alfalfa was not growing and that the ground was just as bare 
as the day the alfalfa was cut. An examination of the fields soon 
showed that the worms were eating the new growth of alfalfa just as 
soon as it appeared. Although the worms did not get enough to sat- 


April, 715] DEAN: POISONED BRAN MASH “aa 223 


isfy their hunger during the night, they did get enough to eat to keep 
them from migrating, and with the advent of day they entered the 
ground to wait for the next night’s meal. This made conditions ideal 
for poisoning them. In the evening the bran mash flavored with 
oranges or lemons was sown broadcast over the infested fields. It was 
sown in such a manner that the amount of bait prepared by begin- 
ning with twenty pounds of bran covered about five acres. In nearly 
all cases the results were practically one hundred per cent effective. 
One application was sufficient. In some cases the morning after the 
application of the bran mash from one hundred to five hundred dead 
worms were found per square yard. In fact, one could scarcely believe 
so many worms were present until he saw the enormous number of 
dead ones the next morning. 


THe BuAck CRICKET 


In many parts of Kansas last summer there appeared an unusually 
large number of black crickets of which the most common species was 
Gryllus pennsylvanicus. The crickets, attracted to the lights, soon 
found their way into dwelling houses, warehouses, and stores of all 
sorts. In houses they concealed themselves during the day under 
heavy pieces of furniture and in closets. Frequently they were found 
in large numbers in the basement. Seemingly they sought the base- 
ment not only to find suitable hiding places but also to get away from 
the heat. In the dwelling houses and dry goods stores they cut cur- 
tains, clothing, and fabrics. In two instances at Manhattan they 
seriously injured rubber goods stored in the basement. 

After a few experiments it was found that the most practical and 
effective method of destroying them was to distribute poisoned bran 
mash prepared in the following manner: 
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Here, ‘again, the bait when flavored with orange or lemon seemed 
not only more attractive but also more appetizing and thus was readily 
eaten by the crickets. Small amounts of the bran mash were put in 
shallow pans or dishes and placed in the closets, behind and under 
heavy pieces of furniture, in the basement or any place frequented by 
the crickets. In the basement the bait was also placed in teaspoonful 
lots in the corners, behind boxes and other hiding places. The crickets, 
like the grasshoppers, do not eat the poisoned mash so readily when it 
is dry, thus it should be distributed in the evening because.the crickets 
work mostly at night. 
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Mr. W. E. Britron: I would like to ask Mr. Dean if he tried 
this on cutworms? , 

Mr. Grorce A. Dean: The variegated cutworm, the outbreak 
of which was discussed in my paper, is also one of the common garden 
cutworms. Although we have not tried this poisoned bran mash for 
the control of cutworms in gardens, we have tried the other bran mash 
(not flavored with fruit juice) and it: proved fairly effective: Since 
the bran mash proved so effective in the control of the variegated 
cutworm in the alfalfa fields, I can think of no reasons why it would not 
also be effective in destroying the cutworms in gardens. 

“Mr. E. O. G. Ketry: I would like to ask if the insects prefer 
the poisoned bran over the crop they are attacking? 

Mr. Grorce A. Dean: Yes, in many of our experiments we 
have found this to be true. Iam sorry I neglected to bring the slides, 
which I had intended to bring and which would have illustrated this 
very distinctly. For instance, on one side of the bran mash barrier 
the rows of corn, about eighty rods long, and at that time the plants 
about fifteen inches high, stand absolutely uninjured, while on the 
other side of the barrier the corn is completely taken. In the case of 
grasshoppers we have found that they would leave the alfalfa and 
take the bran. In the case of army worms in alfalfa, as stated in my 
paper, we recommended the cutting of the alfalfa and then poison 
the worms as they migrate. In most of our work the alfalfa was 
either ready to cut or had been cut. Personally, I would not advise 
the scattering of it in alfalfa fields where the crop o= plants are large. 
- First cut the alfalfa and then distribute the bran mash. 

Mr. WitmMon NEWELL: In Texas we have used this’ mixture 
extensively the past year in the case of local grasshopper outbreaks 
and the results have been uniformly satisfactory. In one case we 
distributed the poisoned bran mash in a field of green oats that were 
just heading. The grasshoppers preferred it to the green oats and 
the crop of oat hay was saved. It was impossible to cut the oats and 
apply the mash afterwards for the weather was too wet. Its use in 
this case saved the entire crop. : 

Mr. H. A. Surrace: Any effects of poisoning native birds or 
domestic animals from its use? 

Mr. Grorce A. Dean: I will state that in all of our dicing 
of the poisoned bran mash we have yet to hear of any authentic case 
of poisoning any barnyard fowl or domestic animal in any way, shape 
or manner. We have noticed bees about it, but in no case have we 
found them dying. No birds have been killed. Professor Dyche, 
of the Kansas University, who is Fish and Game Warden of Kansas, 
with headquarters in the part of the state where the bran mash was 
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distributed last year in the control of grasshoppers, has to my knowl- 
edge, found no instance of it killing birds. Of course, if it were placed 
out in handful lots, as was formerly recommended, there probably 
would be no question about it killing birds, but when the mash is 
distributed in such a manner that twenty pounds will cover five acres, 
there is absolutely no danger. We have had chickens, turkeys, and 
hogs following right after us while sowing it in alfalfa fields. They 


do not get enough to harm them. 


Mr. W. C. O’Kane: If army worms are feeding in corn say two 
or three feet high, of course during the daytime they are often curled 
up in what is left of the leaves of the corn. Suppose you have six or 


eight or ten army worms per stalk of corn, as I think we had, and they 


were.down in these unfolding leaves, would it be necessary either to 
get the poisoned bran mash down into these’ leaves or to get some on 
the stem or stalk of the corn? 

Mr. Greorce A. Dean: In most of our work the corn was not 
nearly so high as you mention in your case. If the corn were fairly 
large we tried to sow the bran mash so that some of it not only fell 
down in the curl, but also lodged on the blades, and in many cases the 
worms ceased at once to eat the corn and ate the bran mash. We 
also noticed in many cases that where the bran mash was scattered 
along the base of the plant they would leave the corn and eat the 
poisoned bait. This corn was not very high. If the corn were large 
and you could not get the particles of bran mash on it conveniently, 
I would sow it on the ground along the row so that they would find it 
when they moved on to another plant. 

Mr. E. P. Fett: Do you consider it safe to sow the poisoned bran 
mash in fairly liberal quantities so that it will drop down in the leaves 
of the corn? 

Mr. Grorce A. Dran: I have no data on this at all. I simply 
know that our corn was so small that there was absolutely no danger, 
and I believe this will be true in any case where the corn is not over two 
feet high. If the corn were large, say in the silk, there might be, in 
case the bran mash were sown rather liberally, some danger, if enough 
of it lodged down in behind the blades, of it proving harmful in case 
the corn were used for feed. 

Mr. W.S. Reaan: During the past summer we had a rather seri- 
ous outbreak of the army worm in eastern Massachusetts. We used 
bran mash to kill the worms and we did hear of some cases where 
birds were killed by the bran mash. I know of one case where a farmer 
reported having found 11 blackbirds after he had scattered the bran 
mash over the fields; it also killed some of his chickens and turkeys. I 
did not see these. 
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Mr. Grorce A. Dean: Did he scatter it as thin as twenty pounds 
to five acres? 

Mr. W. 8. Reaan: Yes. He used only about ten pounds for a 
trial and this amount was scattered over an area of several acres ac- 
cording to his statement. I could hardly believe anything else could 
be responsible for it under the conditions. 

Mr. GrorcEe A. Dean: In our work we often receive reports of it 
killing chickens and turkeys. We have taken the trouble in several 
cases to investigate these reports but in no case have we found any 
evidence of arsenical poisoning. In several cases where the fowls were 
dead, death seemingly was due to eating too many of the hoppers. 
The hind legs of the hoppers had caused a stoppage and apparently 
death was due to inflammation. It is nothing uncommon to lose a 
number of young turkeys if they are allowed to gorge themselves on 
grasshoppers. A young turkey, like some other animals, when it finds 
something good to eat hasn’t any more sense than to eat too much. If 
barnyard fowls are obliged to run down the grasshoppers they are not 
so apt to gorge themselves, but if they find large numbers of dying 
grasshoppers in under trees or in shady places they are very apt to 
overload in feeding on them. As stated before, if a person uses a 
little judgment in the distribution of the bran mash, there is no danger 
of it injuring birds or barnyard fowls. I might state that Kansas 
stands very high in the number of species of birds, and after distribut- 
ing almost a thousand tons of bran mash, as we did in the summer of 
1913, it would seem that if birds were eating a sufficient amount of the 
bran mash to kill them, we would have at least a few cases to report. 

PRESIDENT H. T. FERNALD: The State Ornithologist of Massachu- 
setts looked into some reported cases in Massachusetts and was satis- 
fied that the birds were killed by eating the mash—though how thor- 
oughly he investigated I cannot say. 

Mr. E. G. Tirus: <A few years ago we had occasion to take up the 
question of chickens dying in an orchard where poisoned bran mash 
had been used. On opening their stomachs, none of the bran mash 
was found, but in every case they were filled with grasshoppers, and 
it appeared that they had died by being choked with excessive num- 
bers of these insects. We also found on examination that no injury 
resulted to sparrows in sections where the poisoned mash was used. 

A Member: I would like to say that a careful observer in Michigan 
reports that birds will not touch poisoned bran if orange or lemon 
juice is used in it. 

Mr. W.S. Regan: We had very good success with barriers to pre- 
vent the migration of the army worm caterpillars. First, the plowed 
furrow retarded their advance. Powdered air-slaked lime dusted 
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heavily along the furrow aided materially in checking them. We 
noticed that the caterpillars were not inclined to pass through the lime, 
turning about and getting out of it as soon as they came in contact 
with it. Poisoned bran mash scattered along the furrow killed prac- 
tically every caterpillar. Ordinary road oil also proved an effective 
barrier. It was applied with a garden watering-can, the spraying top 
of which had been removed, making a strip a couple of inches wide 
about the field to be protected. 

Me. T.J. HeEADLEE: Three-fourths of the damage done last summer 
in New Jersey by army worms occurred in lawns. Generally over the 
state and especially along the shore, lawns were so eaten that they 
turned brown and seemed dead. Arsenate of lead (dry and wet) poi- 
soned bran mash (without fruit Juice) were used, with only partial suc- 
cess. Mr. W. B. Duryee, Jr., the farm demonstration agent in Mon- 
mouth County, devised a scheme which worked better than any other 
tried. Shallow ditches were dug along paved walks, walls and building 
foundations. Finely pulverized lime was dusted lightly. over the 
infested lawns, taking care to keep the ditches free from it. The 
following morning the worms were found collected in the ditches and 
were destroyed by sprinkling them with gasoline. The gasoline was 
used instead of kerosene because it left no undesirable stain upon the 
walks, walls and foundations. In nearly all cases a single treatment 
proved sufficient to free the infested lawn from further trouble. 

For general field crops and garden infestation barriers have again 
demonstrated their value over poisons. The trench 12 inches deep 
and 8 inches wide with 6-8 inch-deep post holes along its bottom at 
distances of from 10 to 20 feet was completely effective, the worms 
collecting in the holes and being destroyed by crushing or by sprinkling 
them with kerosene. It was also found that the ordinary oil treatment 
accorded to macadam roads when freshly applied rendered the road 
a complete barrier. Advantage of this discovery was taken to protect 
threatened truck fields. 

PRESIDENT H. T. Fernatp: The next paper will be read by Mr. 
Be PP, Felt. 


GRASSHOPPER CONTROL IN NEW YORK STATE 
By E. P. Feit, Albany, N.Y. 


New York State suffered last summer from an almost unprecedented 
grasshopper outbreak, the injury being confined largely to the sandy 
areas bordering the Adirondacks and extending from Poland, Herki- 
mer County, through Fulton and Saratoga counties north to Warren: 
and Clinton counties. Melanoplus .atlanis Riley was the principal. 
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offender, though Melanoplus femoratus Burm., Camnula pellucida 
Scudd. and Dvzssosteira carolina Linn. were also present and in some ~ 
localities rather abundant, this being particularly true of Camnula at 
Wells. The outbreak was a culmination of one or more years of grass- 
hopper abundance which seemed to be greatly favored by unusually 
dry weather in May and June, while the pests were in immature stages. 
The limitation of the outbreak to sandy, especially wild. or semiwild 
areas was very evident, and although there was some drifting of the 
grasshoppers with the wind from field to field, in general the pests were 
local in habit. Injury to buckwheat was quite characteristic in that 
the young grasshoppers invaded the fields from the grassy or bushy 
fence rows and destroyed all of the grain for a variable distance of one 
to three, and in some cases ten rods, the middle portion of the field 
being almost uninjured and comparatively free from the pests. A 
noteworthy feature was the abundance of grasshoppers in the cities 
of Gloversville, Saratoga and Glens Falls, in particular, especially the 
first named. ‘There were times when the insects were so numerous 
that they were swept from the sidewalks and it was by no means 
uncommon to see 15 to 25 or more on a limited portion of the outside 
of a building or a fence. Complaints began to be received in early 
June and by the middle of July the outbreak was at its height. 
Throughout the region there was a general feeling that it was com- 
paratively useless for the individual to take up what seemed to be a 
very uneven conflict. With the above conditions in mind a large scale 
demonstration was started July 18 by the entomologist, in codperation 
with agents of the State Department of Agriculture. The Kansas 
bit used so successfully elsewhere last year was employed and the 
mixture distributed over a badly and uniform]y infested twenty-acre 
oat field, beginning about 10.30 in the morning, a good handful of the 
bait as sown covering approximately two hundred square feet. The 
distribution was so extended that one had to look closely in order to 
find the bait. Observations showed that many grasshoppers began 
to feed upon it within three or five minutes, and in some instances they 
seemed to drop from the oats, probably being attracted by the smell 
and gradually make their way to small particles of the mash. About 
four hours after the first application a few sick grasshoppers were 
observed here and there. At 6.30 the next afternoon, less than thirty- 
six hours after the beginning of the treatment, three-fourths of the 
grasshoppers in the field were dead or dying, 12 to 14 dead insects 
being easily found on a square foot and frequently six or seven were 
seen collected in small crevices as many inches long. Three days 
after the application it was estimated that about four-fifths of the 
grasshoppers were dead, 67 being found in one square foot and an 
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average square yard contained 26 dead grasshoppers, another one 64. 
Five days after the bait was distributed, sick grasshoppers were still 
to be seen, though there had been a heavy two-hour rain the day before 
‘and the efficiency of the mash was therefore probably decreased. The 
next day it was estimated that over .9 of all the grasshoppers originally 
in the field had been destroyed, and at the end of a ten-day period the 
fatalities approached 99 per cent. The cost of the materials was 
estimated at 13 cents per acre. Observations lead us to believe that 
the wider the distribution the more effective the results. This poison 
was not only tested in fields where grasshoppers were abundant and 
consequently had destroyed much of the more succulent vegetation, 
such as the new seeding and the younger leaves of the grain, but it was 
also used in several oat fields where there had been practically no 
injury and the new seeding was therefore thrifty and luscious. Even 
under such apparently adverse conditions, so far as efficiency of the 
poison is concerned, the insects freely ate the poisoned bait and suc- 
cumbed before they were able to cause any material injury. The 
Criddle mixture was used by some farmers with almost equally good 
results though it is not nearly so easy to prepare. The experience of 
last summer also showed the advisability of protecting the nostrils 
with a moistened sponge and the avoiding of the poisoned dust so far 
as practical in the case of parties who are required to mix large juanti- 
ties of the poison. There is a source of danger here which should be 
safeguarded against at the outset, otherwise serious results might 
follow. 

We were unable to learn of any deleterious effects resulting from the 
use of this material when. ordinary precautions were observed. The 
moist sweetened bran is very attractive to domestic animals and 
therefore great care should be exercised to prevent their gaining access 
_ to containers used for mixing or distributing the material. We dis- 
tinctly advise against putting out the poison in small spoonfuls or 
masses, partly because there is greater danger of poisoning domestic 
animals, and also on account of the increased efficiency accompanying 
a sparse distribution. Under most conditions we-would expect prac- 
tical immunity from grasshopper injury following one application of — 
the bait, even though the grasshoppers were allowed to remain unmo- 
lested in badly infested adjacent fields. 


Mr. 8. J. HuntTER: Regarding the effects on the nostrils of the 
workers, it appears that Dr. Felt has found it about the same as we 
have in the west, where mixing such large quantities, our workers found 
it desirable to use gasoline propelled cement mixers. When issued, 
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however, to the farmers, the requisite amount of Paris Greén was put 
in the center of each sack, and the farmer instructed to mix according 
to directions when he reached home. 

PRESIDENT H. T. FERNALD: The next paper will be read by Mr. 
Wilmon Newell. ; | 


NOTES ON THE INSECT ENEMIES OF SUDAN GRASS 


By Witmon NEWELL, College Station, Texas 


As Sudan grass! has, through the publicity given it by the Bureau 
of Plant Industry, U. S. D. A., and the Texas Experiment Station, 
become a forage crop of much importance in Texas and the Southwest, 
mention of some of the insects attacking it may be considered timely. 

The insect enemies of this crop thus far observed are not new to 
entomologists, but are comprised of insects which are already quite 
well known on account of their ravages on other crops. 


THE SorGHUM MIDGE 


First in importance is the sorghum midge, Contarinia (Diplosis) 
sorghicola Coq.,on account of its destruction of the seed before maturity. 
This Cecidomyid is well known on account of its attacks on sorghum, 
milo maize and related crops, there being many localities in the South 
where the midge entirely prevents the maturing of seed. It attacks 
Sudan grass with equal facility and, while not injuring the crop so far 
as forage is concerned, it makes the production of seed well-nigh impos- 
sible in heavily infested sections. Inasmuch as the seed has thus far 
sold at prices varying from $1.00 to $1.50 per pound, the monetary 
loss is very considerable. 

The sorghum midge is essentially an insect of humid sections and 
in localities of heavy annual rainfall, as in southern Louisiana and 
Mississippi and‘in the southeastern portion of Texas, it seems improb- 
able that Sudan grass seed will ever be produced successfully. 

In Texas the extent of damage appears to vary considerably with 
the seasons. The only portion of the state entirely exempt from the 
midge is the western part where the annual rainfall is usually less than 
25 inches. 

During the past two years Sudan grass has been grown, not only at 
the main Experiment Station at College Station, but also at each of 
the eleven sub-stations and this has given us a good general knowledge 


1 Andropogon sorghum. var. Recently described by Prof. C. V. Piper, of the 
Bureau of Plant Industry, as variety sudanensis. 
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of the distribution and abundance of the insect. The following table 
shows the location of these stations, the annual rainfall and the esti- 
mated damage to the Sudan seed crop during the past two seasons: 


RAINFALL AND INJURY TO SUDAN Grass SEED 


Average Estimated Damage to Seed Crop, 
Annual Rainfall Sudan Grass 
Station 
Length of % 
ength o 

eee Inches 1913 1914 
LOO ahs A. 18 | 49.541 100% 95% 
l AOTEG UNG. 5.6 a4 COON OE BOE eee eae if 45.448 60% 100% 
USGS se tes ie ee 9 43.79 100% 100% 
AeA MOPS Bo coors os aie gee esse ods 20 42.654 20% 100% 
ULTTE ST 24 37.874 40% 95%? 
MORICOLN Ete ees ee ceca 8 33.64 None None 
Dat fal Oi 28 33.364 None 50% 
IDSNIGI. 4 ooocee BA OU HEE ER 1 33.14 15% 50% 
BASiIIE. oa) shi Geo ek Sen ne 18 30.054 None 50% 
Wo WOCKSE RR he ek 3 Diliena: | None None 
SIO, o.c/ boc oF ABBAS 6 Ree a ae | 3 18.40 | None None 

= | ree ae 
IE CCOS Meee eee Bere oa Me cede a ae be | 4 7.93 None None 
| 


1U.S. Weather Bureau record at Alvin, 20 miles from Angleton. 

2 A small seed crop produced very late in the season. 

3U.S. Weather Bureau record at Lufkin, 15 miles from Nacogdoches. 
4U.S. Weather Bureau record. 


This table shows that localities having an average annual rainfall 
of 35 inches or more have experienced almost total destruction of the 
seed crop for the past two years, whereas localities with an average 
rainfall of about 25 inches or less have been exempt from damage. 
Between these two extremes, 7. e., in localities where the average rain- 
fall is between 25 and 35 inches, the amount of damage has been highly 
variable. 

Sufficient data are not yet at hand to permit of any positive correla- 
tion between local climatic conditions and the extent of midge injury. 
However, it appears in general that, the greater the precipitation 
during the spring and early summer months, the greater is the damage 
by the midge. This is indicated by the data following: 
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SPRING AND SUMMER PRECIPITATION AND Mince Insury 


1913 ? 1914 
Station : 
Rainfall, May, June! Damage by Haintall, Mays Damage by 
and July, Inches Midge fined ini Midge 
, Inches 
Beaumont. er tee Aare ree 9.66 20% 32.64 100% 
Colleze Stationetacis ee ee eee 4.03 40% 9.45 95% 
REM ple varw ree ee R letter ee ie oe 5.02 None 16.02 50% 
Den GOSS seat ea Prete eee eee ce shor ee 8.44 15% 4.77 50% 
Beevallese ey eae i see eer eae 5.45 None 12.62 50% 


As pointed out by Dean,! the only remedial measures thus far evi- 
dent consist in clean harvesting, the complete destruction of Johnson 
grass and possibly the fumigation of seed to kill the hibernating larve. 
Johnson grass is a favorite host plant of the midge, its seed heads 
afford protection to the midge larve and its early heading in the 
spring gives opportunity for a generation of midges to be produced in 
advance of the heading of cultivated crops. 

Sudan grass, in the latitude of central Texas, would produce two and 
sometimes three, seed crops per season were it not for the midge, but 
in seasons of heavy infestation there only remains the possibility of 
securing a very late crop of seed at a time when the parasitism of the 
midge is high. Thus at both College Station and Angleton in 1914, 
a partial late crop of seed was secured, though earlier crops of the seed 
were entirely destroyed. 


THE CONCHUELA 


Strangely enough, the area which is too dry for the sorghum midge 
is the one in which the conchuela, Pentatoma ligata Say, reaches its 
greatest abundance. While this plant-bug is a general feeder, attack- 
ing cotton, small grains, alfalfa, foliage of trees, garden vegetables, 
ete., it is particularly avaricious in its attack on all members of the 
sorghum family. In Loving County during the past season it even_ 
prevented, to a large extent, the seed production of Johnson grass. 
Thus far large areas of Sudan grass have not been grown in the localities 
where the conchuela is at present abundant, but, owing to its fondness 
for all other members of the sorghum family, there seems little doubt 
that it will prove to be a serious obstacle to the extended cultivation 
of Sudan grass in the semi-arid sections. 


1 Bul. 85, Part IV, p. 58, Bureau of Entomology. 
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One of our correspondents, Mr. A. 8. Whitten, of Porterville, Texas, 
has observed these insects hibernating in piles of wood, weeds and 
trash generally. The method of hibernation would suggest, as reme- 
dial measures, the early deep plowing of infested fields and a thorough 
winter cleaning up and burning of all rubbish affording hibernating 
quarters for the insect. Morrill! also reeommends the destruction of 
all mesquite trees in the vicinity of infested fields, as the mesquite is 
one of the favorite native host plants of the insect. 


THe ANGOoUMOIS GRAIN MoTH 


The Angoumois grain moth, Sitotroga cerealella Oliv., readily infests 
the seed of Sudan grass both in the field and in storage. During 
September and October, 1914, the moths were noted in great abun- 
dance among the heads of the uncut grass at Robstown, Texas, as well 
as in the shocks of harvested grain awaiting threshing. During the 
warmer days of November, also, they were abundant around the bins 
in which the seed had been stored. | 

Fortunately, Sudan grass seed shows a high resistance to injury by 
carbon bisulphide. In experiments which we have made to determine 
whether its germinating power might be affected by heavy fumigation 
it was found that as much as 15 lbs. to the 1000 cubic feet of bisulphide, 
confined for 12 hours, did not affect germination. In some instances 
the fumigation even appeared to stimulate germination of the seed. 
The germination tests were made in seed testers, both immediately 
after the fumigation and again nine weeks later. The results of a few 
of these fumigations are given in the table below: 


GERMINATION oF SuDAN Grass SeeD FUMIGATED WITH CARBON BISULPHIDE AT DiFFERENT STRENGTHS 


Date BE Rinna fen Amount of CS. Per Cent of Germination, Per Cent of Germination , 
per 1000 Cubic Feet Sept. 5-10 Noy. 16-20 
] 
321 ie SH en | 1 lb. | 91 90 
2h ech a 3 Ibs. | 88 he 90 
Serve 5 Ibs. | 97 on 91 
511i a ie nd 8 lbs. | 83 5 94 
2s 10 Ibs. | 91 z 91 
st Sa i 15 lbs. | 86 78 
(Not fumigated)....... Fs F | Check No. 1 86 f | 83 
(Not fumigated)......... Check No. 2 86 | 83 


1 Bul. 89, Bureau of Entomology. 
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OTHER INSECTS 


Like other grasses and small grains, Sudan grass is subject to attack 
by grasshoppers, cutworms, army worms, grub worms, etc. It is 
also to be expected that the stored seed will be found subject to attack 
by the usual seed-infesting insects, such as the saw-toothed grain- 
beetle, the granary and rice weevils, etc., but instances of such infesta- 
tion have not yet come to our attention. : 


PRESIDENT H. T. FeRNaLD: The next paper will be presented by 
Mr. S. J. Hunter. 


SOME ECONOMIC RESULTS OF THE YEAR 


BrEs AND Porson BRAN MasH; ARMy WorMs; INTERMITTENT 
_ SEASONAL SPRAYING 


By 8. J. Hunter, University of Kansas, Lawrence 


To economize time, it has seemed desirable to summarize some of the 
economic work of the year under the one ental head, rather than to 
present the same in several papers. 

In the conduct of any field campaign, objections to some feature, 
as every entomologist knows, are likely to be raised, and these objec- 
tions, to secure the undivided support of all concerned, have to be 
met. 

Objections regarding the danger to stock through the use of arseni- 
cal poisons are of common occurrence. Two years ago, during the ex- 
tensive use of the poison bran mash against the native grasshoppers, 
the question was frequently asked as to what effect the poison would 
have on bees, when distributed through a large alfalfa field where bees 
from large apiaries were at work. Last summer, Professor Caesar, of 
Ontario, wrote me that similar inquiries came to him from Apiarists. 
Under date of July 24, last, Professor Caesar writes: 

The bee-keepers of Ontario are alarmed at the supposed danger to the bees which 


they believe attends the use of your remedy for grasshoppers. I have used this 
remedy this year and saw no bees feeding on it. It has given good satisfaction as a 


treatment for grasshoppers. I should, however, be very pleased if you would kindly 
let me hear, as soon as possible, whether bees have been poisoned by it to any extent 
in Kansas. Sincerely, 


(Signed) L. Caesar. 


In order to satisfy ourselves even more fully on this subject, Mr. 
George H. Vansell, our Apiary inspector, undertook a series of experi- 
ments to determine whether the bees would feed at all on the poison 
bran mash; and if so, under what circumstances, and with what results. 
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First, to determine whether the bees would partake of the poison at 
all, small piles were placed on the running board of the hives. Here, 
the bees did not go out of their way to come to the piles, but those 
which ran against it, stopped and began to lap up the mixture quite 
greedily, sometimes starting off, to return to lap again. Such were 
retained, and all died within three hours. 

A number of bees were confined in a bell-jar with this poison. After 
a time, the bees came down and sipped the mash contentedly; they 
would then fly to the top of the jar, to return again for more of the 
sweet mixture. All those confined in the bell-jar partook of the mash 
and died; but on the running board of the hive, only 15 of those that 
passed over it during an hour’s observations stopped to taste it. When 
the bran mash was scattered about a few feet from the hive, not a 
single bee halted to taste the substance. 

Second, the bran mash was distributed in a sweet-clover patch 
where bees were unusually abundant and not one was observed feeding, 
or in any way being drawn toward the mixture. It was also distributed 
freely among rotting peaches on the ground where bees were feeding 
in large numbers, with similar results. 

Last year, the poison was placed around in small piles among api- 
aries of 38 stands of bees and the honey systematically, taken from the 
stands. This usually makes bees more active in feeding. Even under 
these conditions, but a single bee was observed feeding on the mash. 
These attempts at feeding the poison bran mash to the bees were re- 
peated morning, noon and night, and no evidences were observed which 
would tend to show that there was any appreciable danger to the bees 
from the distribution of this poison. 

Furthermore, against the insects for which this poison is used, it is 
most effective when scattered early in the morning or late in the even- 
ing. Before the working hours of the bees began, the poison would, 
then, be too dry for them to feed upon. 

From this it would appear that when the poison mash confronts 
the bees, they will partake of it and perish; but, that the use of the 
mash in field work is not attended by danger to bees. 

Another common inquiry is the effect of this poison upon chickens. 
One series of experiments carried on in a ten-acre truck patch, com- 
posed of onions, rhubarb, asparagus, sweet-potatoes and tomatoes, 
will serve as an answer. This plot, located in Gray county, near Cim- 
meron, attracted grasshoppers from all the adjoining fields. The 
poison bran mash was scattered over this patch two or three times 
every week, in order to kill the hoppers as fast as they came in. The 
owner likewise used his chickens, about 500 in number. These were 
distributed in coops over the whole garden every morning, and no 
chickens, whether large or small, were poisoned. 
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There seemed to be some evidence, however, to show that turkeys 
are likely to be poisoned; due, probably, to their habit of eating large 
quantities of the dead and dying poisoned grasshoppers. 

Further experiments will be necessary before we can speak con- 
clusively upon this point. 


ARMY WoRMS 


The past season there were a number of local outbreaks of Army 
worms. The most effective means found for their extermination was 
the liberal use of the bran mash poison, scattered in the evening. The 
worms will often leave garden vegetation for the poison, and in our 
experiments, they were frequently observed turning back in their 
course to get this poison. 
| By actual yard-square counts, one application, in some instances, 
destroyed 90 per cent. of the worms. Death usually ensued about 
one hour after the feeding had begun. . 


INTERMITTENT SEASONAL SPRAYING 


Among our commercial orchardists, it is universally accepted that 
intelligent spraying is necessary to profitable returns. Among the 
smaller orchardists, however, the question frequently arises regarding 
the necessity for annual spraying. That is, sometimes there is a 
notion that in an orchard where injurious insects and plant diseases 
have been well controlled for some years, an intermission of one year’s 
time succeeding such spraying would not permit such enemies of the 
apple to become sufficiently prevalent to materially affect the crop. 
Last season an unusually good opportunity was offered to secure a 
practical answer to this question. That is, to determine what bene- 
ficial effects, if any, would accrue to an orchard this year, from three 
years’ proper spraying prior to the present one. In other words, to 
determine whether an orchard, successfully sprayed for three years, 
could be profitably permitted to go unsprayed this year. 

The orchard selected was a ten-acre orchard of commercial varieties 
which had been successfully sprayed for the three years past. Last 
year, and the year before, this orchard showed less than 5 per cent 
injury due to injurious insects and plant diseases. In this ten-acre 
orchard this year, two representative trees for each of the following 
varieties were chosen: Ben Davis, Gano, Jonathan, Black Twig, Mis- 
souri Pippin, Wine Sap and Willow Twig. ‘The set of the fruit on these 
trees compared very favorably with that of the three previous years. 
Monthly counts, beginning with the first week in each month of the 
months of June, July, August and September were made of the drops “ 
from these trees, to determine the cause of the fall of the apples. 
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This was the same system that had been followed for the three 
previous years. These apples were scored and tabulated under the 
various injurious insects and plant diseases common to the apple. 
Of the entire 26,244 collected throughout the entire season, there were 
218, or 1.5 per cent sound apples. The remaining 98.5 per cent had 
been checked in their growth and development by an injurious insect 
or plant disease, or by the two combined. Of those which dropped 
prematurely, the small percentage of sound apples might have their 
fall attributed to the wind. 

The accompanying table illustrates this work in detail. 


J 
SuMMARY OF APPLE CoUNTS OF INTERMITTENT SEASONAL SPRAYING 


June July Aug. Sept. Per 
9and10 8and9 4and5 2and3_ cent. 

emieenotiiia...-....0-5----+- 1,526 1,845 2,940 2659 46.3 

Codling moth and bitter rot ...... 274 945 3,346 23.9 

Codling moth, bitter rot and curculio 3 152 556 3.6 

Codling moth and blotch .......... 12 508 450 4.9 

Codling moth and curculio........ 18 755 1296 1OKG 
Codling moth, blotch and curculio . 53 12 34 
SRG 496 60 100 259 4.63 
@arcuhio and bitterrot........... 8 55 5 34 
RR tis s.  e. Pe cae 15 307 1.64 
Biowetand eurculio.............: 38 240 1.42 
PPRUAIACURVOEDE J. 3... eo ee 5 30 a5 
EEO see we ee 13 16 11 .20 
SHLD. oo 7 5 04 
Codling moth and railroad worm 13 06 

S OCG, 25310) 05 218 30 42 1.5 

MimmamuesTOp.......-..-...52-. 6,833 
Codling moth and scab.......... 47 24 
Codling moth, bitter rot and blotch 32 12 
Tol 8855 2,510 5,628 9,251 100% 
“SO LTTET 10 ya 26,244 


The question naturally arises, ‘What of the marketable apples’’? 
Referring back to the last year’s record for these same varieties, the 
smallest average yield per tree was one and one-half barrels of sound 
marketable fruit, in size, two and one-half inches, or better. This 
year, from these same trees, the number of apples still remaining at 
picking time averaged thirty-five to the tree, most of which were be- 
low market size. Obviously, no count or tabulation of these would 
serve any purpose. The climatic conditions this year were better 
than the two previous years; the only features absent this year were 
spraying and cultivation. 

The above condition represents the situation in this orchard at 
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picking time. The loss was greater than might reasonably have been 
expected. The orchard is remote from any unsprayed orchard and the 
ground was left last season practically free from apples. 

The conclusion, naturally, is that the orchardist can no more reason- 
ably expect an apple crop without intelligent cultivation and spraying 
than can the farmer expect a corn crop without proper and intelligent. 
planting and cultivation. 


PRESIDENT H. T. FeRNALD: The next paper will be read by Mr. 
H. A. Surface. : 


EFFICIENCY OF PARASITES OF THE SAN JOSE SCALE 
By H. A. Surrace, Harrisburg, Pa. 


(Withdrawn for publication elsewhere) 


Mr. Francis WINDLE: Through my inspections several years ago I 
noticed the operations of some predacious insects, as well as parasites, 
upon the San José scale, and when inspecting in Adams County, prob- 
ably a year ago, it was a very difficult matter to find any live San José 
scale, although there was evidence of many trees that had never been 
sprayed having been badly infested. Two or three years previous to 
this I had reported the operations of parasites on the scale in my own 
county of Chester, and noticed the gradual disappearance of the scale. 
Not only in Adams and Chester Counties, but in Bucks and Berks 
Counties, I found the same conditions. 

Mr. D. G. Towrr: About a year ago while collecting parasites 
of the native scales at Amherst, this parasite was found in abundance. 
Dr. L. O. Howard kindly determined it as a new species and accordingly 
a description was published. Since then notes on its life history 
have also been published. Dr. Fernald announced that no hyper- 
parasites had been found at Amherst and stated that parasites would 
be sent to those desiring them. I am inclined to think that hyper- 
parasitism, if such is the case, will not greatly hinder the work of 
this parasite. Professor Parrott has shown that this parasite is the 
dominant one in New York. While I do not expect to see the scale 
cleaned up in a single case by this parasite, still in unsprayed or in 
orchards impracticable to spray, on ornamental shrubs and in forests, 
I think the work of this parasite will be of considerabie value. 
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Secretary A. F. Burgess: I would like to say a word in connec- 
tion with the acceptance, without a great deal of consideration, of 
statements made by the average fruit-grower or person who is not a 
specialist in parasitic work on the results of introducing parasites. 
We have had considerable experience along this line on the gipsy 
and brown-tail moth work in New England, and we find that a great 
many people who know these pests thoroughly do not understand 
about the parasitic species introduced or the results that may be 
expected. They anticipate quick and immediate results whenever 
parasites are liberated, and if there is a decrease in numbers of the 
pests concerned, they immediately attribute this to colonization of 
parasites. 

I am not speaking in regard to the parasites of the San José scale be- 
cause we have had no experience with these but we are satisfied that the 
average farmer and fruit-grower, or other man, who has infested trees, 
is very apt to lay too much stress on the colonization of a parasite 
in his orchard or woodland if there is any decrease in the severity of 
the infestation. 

Mr. W. E. Britton: Perhaps Mr. Tower or someone else can 
give us an idea of the natural distribution of the parasites under 
consideration. 

Mr. D. G. Tower: I have found the parasite in numerous places 
in Massachusetts and on the Capitol grounds at Washington, D. C. 
Specimens have been sent to me from Connecticut by Dr. Britton 
and from New York by Dr. Felt and Professor Parrott. Professor 
Surface has found it in many places in Pennsylvania. Specimens 
have been sent to Dr. Forbes in Illinois to start a colony there and 
I have attempted to start one at Lafayette, Indiana. Whether this 
last has been successful or not cannot be stated at this time. It is 
my opinion that in order to secure accurate data on the amount of 
parasitism, the scales should be examined for eggs, larve and pupe 
of the parasite as well as a count of the exit holes made. The per- 
centage of parasitism of the scales examined at Amherst would average, 
I think, from 75 to 85 per:cent and it was evident that the parasite 
was doing good work. As regards the life-cycle of the parasite, it 
apparently coincides with that of the scale, in the majority of cases 
emerging from mature second stage female scales, The reason for 
some emerging from immature third stage female scales I have en- 
deavored to explain in my recent paper. 

PRESIDENT H. T. FernaLtp: The next paper will be read by Mr. 
C. L. Metcalf. 
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A MECHANICAL MEASURE FOR CONTROLLING THE FLEA- 
BEETLE (EPITRIX FUSCULA) ON POTATO. 


By C. L. Mzetcatr, Ohio State University, Columbus, Ohio 


The difficulty of controlling fiea-beetles with the known insecticides 
is generally appreciated. In North Carolina we tried a variety of 
materials without finding any really satisfactory insecticide. This 
fact and the well-known habit of these insects of jumping vigorously 
at the slightest disturbance, suggested to the writer that their eco- 
nomic control might be achieved by some method of trapping. 7 

In 1913 a crude trap (Pl. 10, fig. 1) was improvised from a store box 
by cutting out one end, a part of the bottom and of the other end. 
The inside was covered with a thin coat of tree tanglefoot; and the 
box carried along the rows by the upright handles, so that the vines 
passed through the box from one end to the other. After covering 
one-fortieth of an acre of potatoes, moderately infested, a count 
showed 370 flea-beetles entangled in the trap. After covering one- 
fifth of an acre in the same way, 2,335 flea-beetles were counted in the 
tanglefoot. This was disposing of flea-beetles at the rate of 10,000 
to 15,000 per acre, as rapidly as two men could walk along the rows. 

A modification of the handle of the box so that one man could manip- 
ulate it was the most needed improvement. It was noticed at once 
that most of the beetles were caught on the lower part of the box, 
especially on the pieces (Pl. 10 fig. 2, A, A). It is, therefore, desirable 
to have these pieces extend inward as far as possible. It was also 
considered of some advantage to have a box wider in front than behind 
so that it might surround the vines before the insects became much 
disturbed. The opening at the rear (Pl. 10, fig. 2 B,) should be small 
to thoroughly disturb the vines as they pass. Two and a half to 
three feet seemed to be the best length for the box, while it should be 
just high enough and wide enough to cover the plants. 

The leaves from the plants accumulated on the sides and back of 
the box; so a system of wires was devised running from the front to 
the opening at the rear. (See Plate 10, fig. 2). This effectually pre- 
vented the leaves from touching the sticky surface without affecting 
the efficiency of the trap. In order to facilitate the renewal of the 
tanglefoot surface, the wires were fastened in front to three wooden 
strips (Pl. 10, fig. 2, C, C, C) which in turn were attached to the box 
with thumb screws and so could easily be removed. It is believed to 
be essential for the highest efficiency that the trap precede the operator 
so that there is no disturbance of the’ vines until they are covered by 
the box. 

1This work was carried on under the direction of Mr. Franklin Sherman, Jr., 
State Entomologist, Raleigh, N. C., to whom I am indebted for permission to pub- 
lish it. 
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With these points in mind a trap was devised in 1914 to run on 
light wheels (Pl. 10, fig. 3) in order to reduce the labor to a min- 
imum. A pair of light springs should be fastened to the front of the 
box (P1.10, fig. 2, D, D) to prevent it from dipping into the soil, 
since otherwise a portion of the tanglefoot soon becomes covered with 
dust. This arrangement works nicely on even ground; but carrying 
the trap will probably be found to be more efficient. A count of the 
number of beetles caught by this trap showed 1,357 as a result of 
covering one-twentieth acre, which is at the rate of over 25,000 per 
acre.! 

The expense involved in the use of such a trap should be moderate. 
A simple trap can be made by anyone in a few minutes. It is largely 
a matter of adapting the box to the size of the plants to be treated. 
When the sticky surface becomes matted over it may be renewed 
a time or two by scratching it with a wire comb or brush. Warming 
the tanglefoot made it easier to apply a thin even coat. 

The ordinary routine spraying of potatoes will control the flea- 
beetles to some extent. However, from these preliminary experi- 
ments the apparatus described is believed to have a place in cases of 
severe infestation; and in caring for small areas of various garden 
crops which are attacked by one or another species of flea-beetle. 


Mr. T. J.. HEADLEE: I would like to know whether these experi- 
ments have been tried on a large scale throughout the season for the 
purpose of determining whether potatoes can be protected in this way? 

Mr. C. L. Metcautr: We had in mind to do this but the infestation 
of flea-beetles in North Carolina was 250 miles from our headquarters, 
and we found it absolutely impossible to use this trap at frequent 
intervals throughout the season. I am therefore unable to say but 
I see no reason why it might not. 

VicE-PRESIDENT GLENN W. Herrick: How often did the trap 
have to be coated inside? 

Mr. C. L. Metcaur: That would vary greatly with conditions. 
We could cover as much as half an acre or an acre and then by scratch- 
ing the surface slightly go on for a quarter of an acre farther perhaps. 
It would need to be removed altogether from five to perhaps ten or 
a dozen times in the course of a day. 

PRESIDENT H. T. FERNALD: If there is no further discussion, we 
will now adjourn. 


Session adjourned at 5.30 p. m. 


'Incidentally a species of leaf-hopper ee ee was taken at the rate of 
about 40,000 per acre. 
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Morning Session, Thursday, December 31, 1914, 9.00 a. m. 


PRESIDENT H. T. Fernaup: The first paper on the program will 
be by Mr. J. M. Aldrich. 


THE ECONOMIC RELATIONS OF THE SARCOPHAGID 


By J. M. Atpricu, Assistant in Cereal and Forage Insect Investigations, 
Bureau of Entomology 


The classification of this family has been until within a one years in 
a very unsatisfactory condition throughout the world. However, 
the study of the male genitalia has recently solved the problem in 
Europe, and in that region the species of Sarcophaga are perhaps more 
satisfactorily distinguished now than those of any other large Muscoid 
group, although there is still much uncertainty as to where the limits 
of the group lie. Mr. Parker’s work on the American species, begin- 
ning about two years ago, and my own beginning last winter, have 
shown conclusively that the North American species yield to the 
same treatment; while as yet we have no specific names for many 
of the forms, it will be only a matter of a year or so until this will be 
remedied. Meanwhile I wish to call attention to the larval habits of 
a considerable number of bred species which have passed through 
my hands for identification. 

The notion that Sarcophagide are ‘‘flesh-flies’”’ is derived from 
Linnzus and his predecessors, and is no doubt true as to the typical 
species carnaria in Europe; but it is very misleading in our fauna. 
Herms bred S. assidua and sarracenie from dead fish on the beach of 
Lake Erie, and I have collected adults of the latter on dead fish on 
the beach of Lake Michigan; Parker’s new cooley: feeds on dead fish 
in Montana; I have also noted adults of another species on dead snails 
along the banks of the lower Wabash River in Indiana. ‘There is also 
the classical case of the larve of S. sarracenie, bred by Riley from the 
contents of the cups of Sarracenia variolaris. Several records of feed- 
ing in decomposing flesh of the warm-blooded animals, not yet pub- 
lished were communicated to me very récently, but the are ones 
are from the far south (Texas). 

The excrement of mammals furnishes a breeding-place for a con- 
siderable series of species: S. asstdua, cooleyt, hemorrhoidalis, trivialis, 
incerta and lambens, and Ravinia communis, latisetosa, peniculata, 
quadrisetosa and trivialis seem to be rather closely restricted to this 
breeding habit; S. sarracenie and helicis, which have also been re- 
ported, have other more common habits. 

Parasitism on other Arthropods includes by far the largest part of 
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the records accumulated up to the present, and many of them are of 
considerable interest. Schiner in his Fauna Austriaca expressed a 
doubt whether the few recorded cases of his day might not be explained 
as carrion-feeding, the insects having died before the eggs of the fly 
were laid; and his doubt has curiously persisted and found frequent 
expression almost to the present time. But the large number and 
variety of the cases now known, many of them closely studied, permit . 
no further doubt that Sarcophagas. are generally parasitic in their 
habits. At least this is true with many of the species. 

There are two records of rearing from scorpions, one from Sumatra 
of an undetermined species, the other S. sternodontis from one in 
Jamaica. 

Egg-sacs of spiders furnish a nidus for davidsonii, reported only 
from California. 

The adult of Corydalis cornuta has been attacked by Sarcophaga 
helicis, a series of bred flies with data being in the National Museum 
collection, dating from Riley’s time. 

Grasshoppers have furnished a large amount of bred material in 
several species: S. helicis, hunteri, sarracenie, kellyz, and the species 
heretofore erroneously known as cimbicis, are the ones most frequently 
bred in the West; of these kellyi is undoubtedly the commonest one. 
Mr. E. O. G. Kelly, in the Journal of Agricultural Research for Sep- 
tember 21, 1914, has described its egg-laying habit. The female darts 
at the flying grasshopper and strikes it with enough force so that it 
instantly drops to the ground, when the larva of the fly can be found 
attached by a gluey secretion to the thorax or base of the wing. The 
fly also deposits larvee on the quiescent, newly-moulted adult hopper 
while it is hardening, this involving an instinct-stimulus quite different 
from the other case. | 

A western species closely allied with erythrura of Europe has been 
found abundantly about grasshoppers in Colorado; the female fly 
has a fairly well-developed larvipositor, and presumably inserts its 
young under the body wall of the hopper, though this has not been 
observed. ‘There is every reason to believe that in the arid west grass- 
hoppers are normally kept within moderate numbers principally 
through the agency of the Sarcophagid parasites. In the east these 
are not so frequently reared; sinuata, sarracenie and helicis have been 
reported. bs 

A specimen of Cicada tibicen was sent in to the Bureau of Ento- 
mology in August, 1894, from Waterfield, Va.; it was dead when re- 
ceived, and a number of dipterous larve had emerged, from which 
subsequently developed the ubiquitous S. helicis. 

The question whether Sarcophagids are anything more than scaven- 
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gers in relation to lepidopterous larve and pup is discussed by How- 
ard and Fiske, Bull. 91; Bur. Ent., 1911, p. 250, where it is stated that 
in imported gypsy moth material there have often been more Sarco- * 
phagid than tachinid puparia; notwithstanding this fact, absolute proof 
that the Sarcophagid larvee invade living caterpillars is said to be lack- 
ing. The same conclusion was reached by Patterson (in Bull. 19. 
Tech. ser., Bur. Ent., part 3, 1911) as far as the Gipsy Moth is con- 
cerned; but he did not distinguish species at all in his experiments, 
hence may have been using the common excrement-feeding Ravinia 
communts when he attempted without success to induce the flies to 
larviposit on living caterpillars. JI can supply the missing proof in 
one instance:—living larve of the Army Worm moth were brought 
into the Bureau insectary at Lafayette last summer by Mr. J. J. Davis 
and assistants, confined in breeding cages, and yielded 30 or more 
adults of Sarcophaga helicis—more of these than of any Tachinid 
parasites. Since the Sarcophagids have been seen to larviposit on 
living grasshoppers, and as I shall show farther on, also upon living 
beetles, it becomes easier to admit that they parasitize caterpillars. 
The records include undetermined Sarcophagas attacking Alabama 
argillacea, Acronycta ovata, and Phakellura hyalinitalis; S. helicis on 
Loxostege sticticalis, Pieris and the Army Worm; hunteri on Army 
worm, and even the Codling Moth; and amblycoryphe on Amblycory- 
pha oblongifolia. 

The only record relating to Hymenoptera that I have found is that 
of Sarcophaga (Bettcheria) cimbicis Townsend, of which the types 
were bred from larve of Cimbex americana. Other published records 
for cimbicts are all due to misidentification, as I lately learned from 
an examination of the types; the species has been bred only once. 

Sarcophagas have been bred several times from beetles, usually 
from the adults. ; 

On May 18, 1893, 34 adults of Lachnosterna arcuata were collected 
in Washington and placed in a breeding cage. From these there 
emerged several specimens of S. helicis, which matured in July. 

On March 4, there were received in the Bureau living larve of the 
beetle, Dinapate wrightti, in a piece of palm trunk from Southern Cali- 
fornia, sent in by H. G. Hubbard. Two adult beetles emerged in> 
July and August, and on September 2 there came out of one of these 
adults several dipterous larve, which gave S. helicis on September 
11. 

On September 13, 1894, two specimens of the same fly issued in a 
jar which had contained larve of Calosoma sp. 

In the summer of 1914, Mr. D. E. Fink, of the Bureau of Ento- 
mology, bred S. sarracenia, helicis, and a new species, from Allorhina 
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nitida—the first from a pupa, the last two from adults. This was at 

Norfolk, Va. 

‘ On August 16, 1914, Mr. W. R. Walton, of the Bureau of Ento- 
mology, near Cimarron, N. M., captured a female Sarcophaga in the 
act of larvipositing on the body of an adult living specimen of Hleodes 
hispilabris. In September of the same season, at Koehler, N. M., Pro- 
fessor H. F. Wickham reared several specimens of the same fly from 
adults of Eleodes tricostata and obsoleta. In reply to an inquiry as to 
the possibility of the fly larvipositing only on dead beetles, Professor 
Wickham wrote: “There is no doubt that all of the Eleodes of mine 
from which Sareophaga larve were secured had already been infested 
before being placed in the cages in which the food experiments were 
carried on. ‘These cages were all closed with wire screen over the tops, 
the cages themselves being of the battery jar type. In most of them 
the top had been made of wood with a central circular opening which 
was covered with the wire mesh. . . . My practise was to take 
an Eleodes out of the cage as soon as it was noticed to be dead and 
place it in a vial covered with fine cheesecloth. Sometimes the larva 
left the beetle within an hour or less, at other times it remained for 
several weeks. In no case has a beetle been left where it could have 
been ‘blown’ by a free fly.” 

How the larva of Sarcophaga manages to penetrate the armor of 
an adult Eleodes has not been ascertained. 

In November, 1914, at the University of Kansas, Mr. H. B. Hun- 
gerford showed me specimens of an undescribed species of Sarcophaga, 
which he had bred from adults of the longicorn Cottonwood Borer, 
Plectrodera scalator, at Kinsley, Edwards Co., Kansas; the flies were 
numerous, affecting 90 per cent of the beetles. 

A few scattering records may be added. 

Human beings are occasionally affected, but in various ways: one 
instance of intestinal myiasis, one of nasal, one larva in the ear, and 
one in a tumor on the back, are on record in this country. None of 
the species have been identified except the one in the intestine, which 
was Ravima triialis, normally an excrement-feeding form. 

Sarcophaga helicis, as the name implies, was originally bred from a 
snail. 

Undetermined species have several times been bred from tumors on ~ 
the neck of tortoises. 

Cole bred two undetermined species from rotting kelp on the sea- 
shore at Laguna, Cal. (Pom. Coll. Jour. Ent., iv, 840). 

Only a few of the species so far have shown a wide range of adapta- 
bility in larval habit; but this may very likely be a conclusion from 
too few cases. Helicis has been bred from a snail, Corydalis, Cicada, 
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several Lepidopterous larve, several adult beetles, several grass hop- 
pers and a Mantis, and according to one record from cow manure, 
though I am skeptical about this. Sarracenie without doubt breeds 
at times in dead fish and is at other times a parasite of insects; it has 
even been recorded from human excrement, but this might have been 
a misidentification. 

We seem to be dealing with a group in which the parasitic habit is 
just being formed, and is still much more plastic than is the case with 
Tachinide, connecting the latter with the true Muscids—just where, 
by e000) luck, we happen to have placed them in our lists. 


Mr. R. R. Parker: I would like to add a few words to what Dr. 
Aldrich has said, and shall deal mainly with their excreta-frequenting 
habits. My data are based principally on personal observations 
made during the past summer while carrying on investigations for 
the Montana State Board of Entomology, undertaken in part to 
determine what Montana flies may be considered of actual or potential 
importance as disease agents or as carriers of disease. 

In one experiment in which a trap was attached to the back of a 
privy with a sunken vault so as to catch the flies which had visited 
the excreta, 43 Sarcophagids were captured in one month, about 
0.5 per cent of the total catch, and these were principally Sarcophaga 
cooleyi R. Pkr., a species not known to breed in excreta. 

Of flies captured with excreta as bait, Sarcophagids constituted 
8.75 per cent of the catch in seven experiments. Of these, Ravinia 
communts R. Pkr. was the most numerous and specimens of R. penicu- 
lata R. Pkr., Sarcophaga hemorrhoidalis Meig. and S. cooleyi R. Pkr. 
were also taken. All were females except a few specimens of S. 
hemorrhoidalis. It is interesting to note that the great majority of 
oviparous species were also females. 

Of flies noted in houses no proportionate record was kept, but 
specimens of Ravinia communis R. Pkr., R. peniculata R. Pkr., Sarco- 
phaga hemorrhoidalis Meig. and S. cooleyi R. Pkr. were either captured 
or observed, though only occasionally. Under certain conditions, 
such as those prevailing in construction camps, it is probable that a 
larger proportion of these flies would be found frequenting food, than 
under town or city conditions. 

The most interesting results were aac from breeding experi- 
ments. From material taken from privies with sunken vaults no 
Sarcophagids were reared, but only oviparous species, mainly Ophyra 
leucostoma Weid., and species of Fannia, Limosina and Scatopse. 
On the other hand, when dealing with material exposed in the open, 
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Sarcophagids were reared almost to the exclusion of oviparous forms, 

the latter consisting principally of Muscina stabulans (Fall). While 
the number of experiments was too limited to permit of definite con- 
clusions, they did indicate that where surface excreta and that from 
surface privies was concerned, the Sarcophagids apparently prevented 
the oviparous species from breeding in any great numbers. This may 
be due to the Sarecophagid larve preying upon the others, or they may 
be more successful in the struggle for food; at least they have the 
advantage of being deposited as larve. I would not care to suggest 
that this relationship would hold farther south where there are more 
oviparous forms which breed in excreta. As Sarcophagids are less 
numerous and less commonly found in houses than oviparous species 
that frequent excreta, they may perhaps be considered beneficial 
in so far as the relationship suggested above holds good. In one 
experiment, 970 Sarcophagids were reared from a single stool which 
was found in a back alley and had been exposed one day; 944 of these 
were Ravinia peniculata R. Pkr. Sarcophaga tuberosa sarracenie 
(Riley) was bred from fish, but was not found in excreta though 
supposed to frequent it abundantly. 8S. cooley: R. Pkr. was bred in 
large numbers from fish, and also from the carcass of a kitten. 

The species of Ravinia are probably primarily breeders in excre- 
mentous substances, and when excreta is deposited in the open are 
commonly the first flies to be found on it. Ravinia communis R. Pky. 
was bred from human excrement, cow dung, horse manure, hen manure 
and pig manure; Ff. peniculata R. Pkr. from human excrement and cow 
and pig manure; several other species, some undescribed, are also 
known to breed in manures of various kinds. There are very few 
records of these species under other conditions. I also have records 
of excreta-frequenting habits for several undescribed species of Sarco- 
phaga. ‘These flies also frequent garbage to some extent as it is found 
exposed in the vicinity of stores and residences. 

PRESIDENT H. T. FeRNAtD: I suppose all economic entomologists 
fully appreciate the necessary foundation of systematic work upon 
which their studies must rest. It has been of interest to me in exam- 
ining collections throughout the country, as I have had the oppor- 
tunity, to note the number of Sarcophagide labeled ‘‘Sarcophaga sp.”’ 

I think we are to be congratulated on the fact that since Mr. Aldrich, 
Mr. Parker and others have been doing so much work along this line, 
this unsatisfactory condition promises shortly to be removed and 
that economic studies of the Sarcophagide may apply to the 
particular species concerned in each case. 

PResiIpENT H. T. Fernaup: The next paper on the program will 
be by Mr. J. W. McColloch. 3 
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FURTHER DATA ON THE LIFE ECONOMY OF THE CHINCH 
BUG EGG PARASITE 


By J. W. McCo.utocu, Assistant Entomologist, and H. Yuasa, Assistant in Life 
History Studies, Kansas Agricultural Experiment Station 


At the annual meeting of this association last year the writers pre- 
sented a paper on “A New Parasite of the Chinch Bug Egg, Eumic- 
rosoma benefica Gahan.” This paper was a preliminary report based 
on the first year’s study and consequently the results were subject to 
some modification as the work progressed. 

As the habits of the insect under consideration became better under- 
stood and the technique of rearing and handling developed, more accu- 
rate results were obtained. Owing to many unforeseen circumstances 
which arose during the first year’s work, the study of the life history 
suffered several reversals and a complete life history was not worked 
out. During the past summer these circumstances were anticipated 
and a continuous life history study was made. By the development 
of certain methods of technique it was also possible to observe the 
growth of the various stages within the host egg and to dissect out 
the different stages for a more detailed study. 

During the past summer about 4,500 parasites were reared and a 
large amount of data was collected. While most of the results codrdi- 
nate those obtained in 1913, some of them show considerable variation. 
As the work of this year was carried on under more improved methods, 
which conform more nearly with the natural habits of this insect, it 
would seem that the results are more typical of the life of this parasite 
under natural conditions. 


HIstToRY AND DISTRIBUTION 


The history of Eumicrosoma benefica began in May, 1913, when it 
was found parasitizing chinch bug eggs in the vicinity of Manhattan, 
Kansas. During the summer of that year it was taken in sixteen 
counties in Kansas comprising most of the area of chinch bug infesta- 
tion. Five counties have been added to this list during the past sum- 
mer, namely, Finney, Sedgwick, Butler, Elk, and Miami. 

Mr. W. B. Flint, assistant state entomologist of Illinois, reports 
finding parasites in limited numbers in a few localities in that state. 
It is probable that the parasite is also present in Oklahoma and Mis- 
souri, as it has been taken many times in Kansas within a few miles 
of the borders of these states. 
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IMPORTANCE 


From the data thus far accumulated the egg parasite is an impor- 
tant factor in the control of the chinch bug. In the spring of 1913 
the emergence of chinch bugs from winter quarters was one of the 
largest ever witnessed in Kansas and the indications were for serious 
injury during the ensuing summer. Within two weeks after this emer- 
gence the wheat fields were beginning to show considerable damage 
and a few fields were entirely destroyed. Hundreds of eggs were de- 
posited around nearly every wheat plant and it was thought that the 
wheat and corn fields in many localities would be practically a total 
loss. In two or three weeks it was evident that a large percentage of 
the eggs were not hatching as the number of young bugs was far below 
the expectation. At harvest when the bugs migrated to the corn 
fields there was very little complaint of injury and throughout August 
the number of bugs in the corn was exceptionally low. In the fall of 
1913 the counts of the number of bugs in winter quarters showed only 
one bug where there were from twenty-five to one hundred in the fall 
of 1912. 

The climatic conditions during 1913 were favorable for the develop- 
ment of the chinch bug. The drought during the summer prevented 
the development of the chinch bug fungus and there was no known 
factor except the parasite which could have caused this great reduc- 
tion. In Illinois, where practically the same conditions existed as in 
Kansas, with the exception that there were few parasites present, the 
chinch bugs did a vast amount of damage in 1913 and were equally 
bad in 1914. 

In 1913 the average parasitism at Manhattan during the summer 
was 32 per cent and during the spring when chinch bugs were most 
numerous it ranged from 20 to 40 per cent. In the experimental work 
it was shown that the period of oviposition of the chinch bug covered 
about two months, while the life cycle of the parasite extended over 
a period of only two or three weeks. Thus the eggs of a single female 
chinch bug were exposed to about three broods of parasites while the 
eggs of one brood of chinch bugs were exposed to four or five broods 
of parasites. From this data it is conservative to estimate the para- 
sitism in the field during 1913 to have been at least 50 per cent. 

The number of chinch bugs in the fields about Manhattan in 1914 
was exceptionally small and there was a marked reduction in the num- 
ber of parasites. The parasitism in the early spring was considerably 
- below one per cent, but as the summer progressed it gradually in- 
creased until in September it reached 25 per cent. Table I gives the 
percentage of parasitism by months at Manhattan. 
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TasLe 1. SHowinG THE AVERAGE PERCENTAGE OF PARASITISM AT MANHATTAN, 
Kansas, IN 1914 


Month No.of Eggs _ - Per Cent of Parasitism 
May 3,002 0.16 

June 1,204 one 

July 4,989 6.3 

August Me ACeTE 9.0 

September 28 25.0 


Collections of eggs were made in sixteen localities in the state during 
July and August and the average parasitism for the state exclusive of 
Manhattan was 14.5 per cent. 

THe Eae 


DeEscrIPpTIion.—Fully developed eggs were readily dissected from 
the abdomen of the adult female and in a number of instances eggs 
were dissected from the host egg soon after oviposition. The egg 
(Fig. 11, A) is ovate in shape and tapers into a long stalk at one 
end. The opposite end tapers gradually and ends in a blunt point. 
The stalk is about two-fifths of the entire length of the egg and the 
micropyle is located at its tip. The comparatively large nucleus is 
located near the blunt end. The egg is 0.23 mm. in length and 0.07 
mm. in width. 

DEVELOPMENT.—Shortly after deposition the egg begins to swell 
due to embryonic development. In one instance an egg was removed 
four hours after deposition. It had increased in volume, had become 
spherical in shape and the protoplasmic content had begun to appear 
differentiated but had not developed sufficiently to show any definite 
form. 

LENGTH oF Eaa Stacu.—The length of the egg stage was determined 
in a number of cases and was found to vary from a few hours to about 
one day. During midsummer eggs deposited about 6.00 p.m. hatched 
before 7.00 the following morning. 


Tur LARVA 


DerscriptTion.—In the life history two distinct larval stages were 
found. The first stage (Fig. 11, B) resembles closely the first 
larval stage of Teleas as described by Ganin.t The larva when first 
hatched is about one-fifth the size of the host egg. It is supplied with 
a large pair of mandibles which are strongly chitinized and each bears 
a sharp claw at the outer extremity. The caudal extremity ends in 
a long tail-like process which is about one-half of the length of the 
body. No segmentation was distinguished but there is a marked 
constriction between the head and the body region. 


1Ganin, M., 1869. Beitrage zur Erkenntniss der Entwickelungsgeschichte bei 
den Insekten. Zeits. wiss. Zool., bd. 19, pp. 381-451, 4 taf. 
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Fig. 11 — Different stages of Humicrosoma benefica Gahan. (A) Egg. (B) 
First stage larva. (C) Second stage larva. (D) Pupa. All greatly enlarged, the 
hairline being '/1) mm. magnified to the same scale as the object. (Original.) 
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The larva is capable of moving from place to place within the host 
egg, locomotion being effected by the lashing of the tail and to some 
extent by the action of the mandibles. During the early part of its 
life the larva is very active and by the continual working of the tail 
and mandibles the contents of the host egg are disorganized. 

The first stage larva feeds by a series of sucking motions by which 
the food is drawn in through the mouth into the pharynx and from 
here into the stomach, which is nothing more than a blind sac. Here 
the food is rolled backward and forward by the movements of the 
larva and probably by the contraction of the body muscles. 

The length of the first larval stage is about two or three days and 
during this time the larva increases to about twice the original size, 
most of the growth occurring in the body region. 

At the end of the first stage, the larva, which has lost its external 
constriction and is ovate in shape, becomes inactive. ‘Transformation 
takes place within the old skin, the body shrinking back from the old 
cuticula which has become thin and soon bursts near the cephalic end. 
The larva gradually moves out of the old skin and the moult is com- 
plete. 

The second larval stage (Fig. 11, C) is ovate in shape and occu- 
pies about two-fifths of the host egg. The tail-like process of the pre- 
ceding stage has disappeared and the mandibles have become greatly 
reduced in size. Segmentation of the body shows faintly and ten or 
eleven segments can be distinguished. Tracheation becomes apparent 
in this stage and four or five pairs of well developed spiracles are notice- 
able. This stage feeds in much the same manner as the first larval 
stage. The food is apparently sucked into the pharynx, passing 
through the oesophagus to the stomach where digestion occurs. The 
stomach is a blind sac and until just before pupation no excrement is 
voided. Digestion is facilitated by the constant churning of the food 
back and forth by the contractions of the muscles of the stomach. 
These contractions are somewhat regular in occurrence. They may 
start from either end of the body and move to the other end, they 
may start simultaneously from each end of the body and move to the 
center, or they may start at the center and run to each end. About 
three contractions start from the anterior end to one from the posterior 
and there are about two contractions per minute. 

In about three days the larva has reached its full development and 
is ready to pupate. At this time all the contents of the chinch bug 
egg have been destroyed and the larva nearly fills the shell. 

LENGTH OF LARVAL STAGE.—It was possible to carry a number of 
larve through to pupation and thus the length of this period was deter- 
mined. During August several larve were kept under constant obser- 
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vation. The first larval stage was completed in two or three days - 
while the second larval stage required from three to four days. An- 
other day or two was required for molting and for the excretion of 
waste. The total length of the larval stage varied from six to eight 
days. 

7 THe Pupa 


Formation.—Just before pupation begins the larva ceases to feed 

and the waste matter which has accumulated within the body of the 
larva during its growth is deposited at the posterior end of the host 
egg. Ina short time the body begins to constrict between the thorax 
and the abdomen. Subsequently the eye spots begin to appear. In 
a day or two the appendages begin to appear and pigmentation becomes 
apparent in the head, thorax, and body (Fig. 11, D). The trans- 
formation is completed in about eleven days and the adult emerges 
shortly after. 
' LENGTH OF STaGE.—The pupal stage covers about three-fourths of 
the length of the life cycle. During August and early September a 
number of pupz under constant observation required from eleven to 
thirteen days to complete this stage. 


THE ADULT 


DescripTion.—The adult form (Figure 12) was described last year 
by Mr. A. B. Gahan,! entomological assistant of the United States 
Bureau of Entomology and his description was given in the previous 
paper. 


Fig. 12—EHumicrosoma benefica; adult. Greatly enlarged (After Gahan). 


During the past summer a melanic form was reared in the fourth | 
generation which differed from the form described by Mr. Gahan in 
that the entire body was black. By crossing with the normal form 
it was possible to carry this form through the remaining generations. 
During this time eighty-six black females and sixty black males were 
reared. On August 19 a black male was reared from a chinch bug egg 
collected in the field. 


1 Gahan, A. B., 1914. New Hymenoptera from/North America. Proc. U.S. Nat. 
Mus., Vol. 46, pp. 442-43. 
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TIME oF EMERGENCE.—Considerable data was collected on the time 
of emergence of the adult parasite. During the life history study all 
material was examined at 8.00 a. m. and 5.00 p. m. each day for the 
emergence of parasites. In this way it was found that the optimum 
_ time for emergence was between 5.00 p. m. and 8.00 a. m. Of the 
4,474 parasites bred during the season, 4,136 parasites, or 92 per cent, 
emerged during the night, while 342, or 8 per cent, emerged during 
the day. In order to determine the exact time of emergence 309 par- 
asitized eggs were kept under hourly observation from July 381 to 
August 12. Two hundred and seventy-six, or 88 per cent of these 
parasites, emerged between the hours of 6.00 a.m. and 9.00 a. m., the 
maximum emergence occurring between 6.00 and 7.00. 

PERIOD OF EMERGENCE.—The emergence from parasite eggs laid 
on the same day may extend over a period of from three to fifteen 
days. During the summer months this period varied from three to 
six days, the maximum emergence occurring the second or third day. 
In the fall this period was prolonged to from eleven to fifteen days. 

RELATION AND Economy oF SEXES.—In a number of experiments 
conducted to determine the relation and economy of sexes, it was found 
that one male could fertilize as many as ten females and that one fe- 
male could mate with as many as six males. It was also found that 
when oviposition occurred without mating all of the offspring were 
males. When mating occurred about 70 per cent of the offspring 
were females. The factor that influenced the number of eggs parasi- 
tized per female was the number of eggs supplied. This factor also 
influenced the mortality of the parasites in the host egg. When few 
eggs were supplied double parasitism often resulted. 

Mertuop oF OviposiTion.—Oviposition was observed many times 
- under laboratory conditions and in practically every case the process 
wasthesame. The female parasite, on finding an egg, hurriedly makes 
a preliminary survey of it by crawling over the egg and feeling it with 
her antenne. Generally, the female in making this examination goes 
over the entire egg, the progress being along the long axis. If the 
ege does not suit she may discard it after this examination. If the 
preliminary survey proves satisfactory, amore careful survey is made 
in which the female goes over the egg slowly and examines every part 
of it carefully by tapping with the antenne. If this examination 
proves all right the female crawls off the egg and with her back to it 
endeavors to find a suitable place for the insertion of the ovipositor. 
The latter is protruded until it touches the egg and then the female 
begins a survey by sounding various parts of the egg with the tip of 
the ovipositor. Often it is necessary for her to change position once 
or twice before a suitable place for its insertion is found. When a 
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place is found the actual insertion takes place. The parasite assumes 
a rigid position, the tip of the ovipositor touching the surface of the 
egg. The two pieces composing the sheath of the ovipositor are then 
pushed and withdrawn alternately for some time until a hole is made 
in the shell. The inner valve of the ovipositor, which is chitinized 
and sharp, is then suddently thrust into the egg. Oviposition imme- 
diately follows this procedure and is distinguishable by a slight swell- 
ing which starts at the base of the ovipositor and passes in a 
wave-like motion to its tip. Immediately following oviposition the 
inner valve of the ovipositor is withdrawn and at the same time the 
caudal segments of the abdomen are extended to the surface of the 
chinch bug egg and the ovipositor is then withdrawn. 

The female may then walk away or she may endeavor to oviposit 
again in the same egg. The entire process of egg deposition may 
require from one to five minutes. The parasites do not seem able to 
distinguish parasitized eggs from normal ones. In the course of the 
season females were observed ovipositing in parasitized eggs, egg shells 
from which chinch bugs or parasites had emerged and eggs from which 
parasites were emerging. As many as three females were seen ovi- 
poisting in the same egg at the same time. At no time was a female 
seen attempting to parasitize eggs other than those of the chinch bug. 

Oviposition may occur at any time of the day or night. In the 
laboratory parasites were supplied with eggs at all hours and egg laying 
occurred soon after. Parasites confined in darkness were fully as 
prolific as those kept under normal conditions. 

The period of oviposition may extend from two to eleven days, 
the maximum deposition usually occurring the first or second day. 

NuMBER OF Eaes.—The number of eggs that a female could de- 
posit was determined for about 300 individuals and was found to vary 
to a great degree. This variation was due to a number of factors, 
such as the number of chinch bug eggs supplied, the age of the eggs, 
food, fertilization, and age of the female. 

Two hundred and twenty-six females parasitized an average of 16 
chinch bug eggs or 53.5 per cent of the eggs supplied. The largest 
number of eggs deposited by a single female was 54 and this was by an 
unmated female. Seven females deposited over 40 eggs each. and 
twenty-one females deposited over 30 eggs each. 

Sixty females that had not been allowed to oviposit were dissected 
and the number of eggs in the ovaries counted. The largest number 
of eggs found was 36 and the lowest 5, while the average was 22. 

Thirty-nine females that had been supplied regularly with chinch 
bug eggs were dissected after death and the average number of eggs 
remaining in the ovaries was 11.4 with extremes of 0 and 28. 
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DovusLE ParasitismM.—The female parasite does not seem to be 
able to distinguish between parasitized and unparasitized eggs and 
double parasitism often resulted. If double parasitism occurs at 
about the same time it results in the death of both larve, while they 
are in the first larval stage. If the second parasitism occurs when 
the first parasite is in the pupal stage, the second parasite makes no 
development and the first parasite emerges. 

In the case of simultaneous double parasitism the eggs hatch in 
about the normal length of time but the resulting larve develop slowly 
and never reach the second larval stage. These larve may live from 
nine to twelve days, usually one of them dying two or three days before 
the other. 

PARTHENOGENESIS.—EHumicrosoma benefica can reproduce partheno- 
genetically but the percentage of eggs parasitized and the number of 
eggs parasitized per female is usually low. ‘Twenty-three unfertilized 
females were supplied with eggs in the life history work. Of the 620 
eggs supplied 239, or 38.5 per cent, were parasitized, an average of 
ten eggs per female. Two hundred and Seven parasites were reared 
and 206 were males. 

PROPORTION OF SEXES.—In the study this year the number of fe- 
males greatly exceeded the number of males. Of the 4,474 parasites 
reared during the past summer 3,176, or 71 per cent, were females, 
while 1,297, or 29 per cent, were males. Sexual reproduction, how- 
ever, seems to be the rule, for of the 468 parasites bred from eggs col- 
lected in the field, 336 were females and 132 were males. In the lab- 
oratory studies unmated females always produced males. 

EFFECT OF OVIPOSITION IN DIFFERENT STAGES OF THE Host Eac.— 
The parasites show a decided preference for chinch bug eggs that are 
from one to three days old and the best results were obtained in lab- 
oratory studies when eggs of this age were used. A number of experi- 
ments were conducted in which parasites were supplied with eggs 
' ranging in age from two to fourteen days. Parasitism occurred in all 
of these eggs but the percentage of parasitism decreased as the age 
increased. ; 

Host ReLations.—Numerous experiments were conducted again 
this year in an effort to rear Humicrosoma benefica on some host other 
than chinch bug eggs but all proved negative. ‘The parasites were 
supplied with eggs of Nysius angustatus, Geocoris sp., and of several 
species of Jasside. Large numbers of these eggs were also collected 
from grass containing parasitized chinch bug eggs and these were care- 
fully examined for parasites but no evidence of parasitism by Hum- 
crosoma benefica was noted. 

LencTH oF Lire.—The length of adult life was found to vary from 
afew hours to seventy-eight days. Temperature is probably the most 
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important factor which influences the length of life, and food is the 
next most important. During midsummer the average length of life 
was about four or five days, but with the advent of cool weather it 
increased to from 15 to 25 days. Seven parasites that emerged 
about the middle of September lived over 60 days and one lived 78 
days. Parasites fed on sweetened water lived much longer than those 
that were not fed. 


LENGTH OF LIFE CYCLE 


The length of the life cycle varies with the season of the year. Dur- 
ing the early spring and late fall the life cycle averaged from 30 to 42 
days, while during June, July, and most of August it averaged about 
16 days, with a range of from 11 to 23 days. Between May 6 and Octo- 
ber 21, 4346 parasites were reared and the average length of the life 
cycle was 18.3 days, with a range of from 11 to 42 days. 

Table 2 gives the length of the: life cycle based on the period between 
first oviposition and first emergence in the continuous life history study. 
Table 3 gives the average length of the life cycle for all parasites 
reared in each brood of the life history work. 


TaBLE 2. SsHowine Lenetu oF Lire Cycie in Lire History Srupy 

Brood First Oviposition First Emergence Length of Life Cycle 

1 (3) 

2 May 6 May 27 22 days 

3 May 28 June 11 15 days 

4 June 12 June 28 16 days 

5 June 29 July 15 16 days 

6 July 16 July 31 15 days 

7 July 31 Aug. 15 15 days 

8 Aug. 15 Sept. 1 17 days 

9 Sept. 1 Sept. 24 23 days 


(3) The first brood of adults was present in the field prior to May 6. 


TABLE 3. SHOWING THE AVERAGE LENGTH OF LIFE CYCLE or ALL PARASITES 


REARED 
Range 
No. of Avy. Length 
Brood 
foe pourde pete Parasites | of Life Cycle 
Max Min. _ 
Days Days Days 

2 From field collection 5-6 to 9-7 | 463 10.7 31 2 
3 From 2nd brood 5-28 to 7-31 799 16.0 21 12 
4 From 3d brood 6-11 to 8-4 932 16.0 21 12 
5 From 4th brood 6-29 to 8-8 279 16.4 20 13 
6 From 5th brood 7-16 to 7-31 978 IGS 23 12 
7 From 6th brood 7-31 to 8-10 567 16.0 22 11 
8 From 7th brood 8-15 to 8-29 266 20.0 26 16 
9 From 8th brood 9-1 to 9-10 62 28.0 42 23 
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PERIOD OF ACTIVITY “, ; 


Since the first parasitized chinch bug eggs were found on May 6 it 
is evident that the parasites were active before this date. The first 
chinch bug eggs were found on May 5. 

The last emergence of parasites in the life history study in he out- 
door insectary under practically natural conditions occurred October 
21 and the last parasite died November 30. The period from the first 
parasitism in the spring to the last emergence in the fall was 168 days’ 
and to the last death 209 days. 


NUMBER OF GENERATIONS 


The possible number of broods was determined in an outdoor in- 
sectary by collecting parasitized chinch bug eggs as soon as they ap- 
peared in the field in the spring and rearing adult parasites. The adults 
~ were allowed to oviposit in chinch bug eggs immediately and in this 
way the next generation was obtained. By supplying the first adults 
of each generation with fresh chinch bug eggs an unbroken life history 
record for the entire summer was obtained. The first brood of adults 
was present in the field prior to May 6 as parasitized eggs were found 
at this date. The second brood of adults was bred from eggs on May 
27, the third brood was out June 11, the fourth brood June 28, the 
fifth brood July 15, the sixth brood July 31, the seventh brood August 
15, the eighth brood September 1, and the ninth brood September 24. 
The first pair of adults of the ninth generation was supplied with 17 
-chinch bug eggs and oviposition occurred at once. The larve of this 
brood, however, died just before pupation. The accompanying chart 
gives the seasonal life history and brood study at Manhattan. 


PHYSIOLOGICAL RELATIONS 


EFFECT OF TEMPERATURE.—LHumicrosoma benefica responds readily 
to temperature influences. Low temperatures of from 40° to 50° pro- 
long the life cycle from sixteen days to forty-two or more days and 
prolong the length of adult life from three to.ten days to as high as 
seventy-eight days. On July 13 several parasitized eggs were placed 
in an ice box where the temperature ranged between 42° F. and 55° F. 
One egg was removed each week and the time of emergence was pro- _ 
longed just the period that the eggs remained in cold storage. The 
parasite that was in cold storage seven days emerged seven days later 
‘than the check, and the parasite that was in twenty-nine days emerged 
twenty-nine days later than normal. 

On August 8 eighty-four parasites were fed on sweetened water and 
placed in an ice box where the temperature ranged between 40° F. and 
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55° F. The average length of life of these parasites was nineteen days, 
with extremes of eleven and twenty-seven days. Seventy-eight para- 
sites in the check lived an average of 3.5 days, with extremes of two 
and five days. 
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Fig. 18—Life History Chart. 


Temperatures above 100° F. for three or four hours were fatal to the 
adult parasites when they were confined in small vials, and tempera- 
tures above 110° were fatal to the immature stages under the same: 
conditions. 
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EFFECT OF Foop.—During the summer the parasites were fed on 
numerous substances, such as sweetened water, plain water, dew on 
corn plants, sap from corn stalks and gummy secretions from sun- 
flowers. In all cases the parasites fed readily, but, with the exception 
of sweetened water, the effect of feeding was not appreciable in the 
length of life or in oviposition. Sweetened water prolonged life from 
a few days to several weeks and the parasites showed a greater Ay 
in oviposition. 

Table 4 gives the effect on the length of life of the adults at differ- . 
ent seasons of the year when fed sweetened and plain water, and when 
not fed. 


TABLE 4. SHOWING Errect oF Foop on LENGTH oF LIFE 


Sweetened Water Plain Water No Food 
Ee L h of L h of h 
No. Parasites epee 2 No. Parasites ene : No. Parasites Lert a 
Life =oF Life . = Life 
| | 

Days Days | Days 
June 17 16.5 6 4.0 
7-16 to 8-1 120 7.0 3 3.6 86 Bee 
8-7 to 8-17 127 10.3 4 3.0 138 3.9 
9-4 to 9-17 96 9.6 30 9.2 71 9.5 
9-24 to 10-17 14 26.2 9 18.0 33 15.5 


EFFECT oF LIGHT AND Contact.—The adult parasites show negative 
phototropism. In the vials they always crawled in between the cotton 
and the glass on the underside where it was darkest. If a paper label 
were placed in the vial the parasites would get on the under surface. 
When placed in a dark box which had a glass tube inserted for emer- 
gence to light the parasites seldom appeared in the tube. 

The adults also show a positive thigmotropism and whenever pos- 
sible they endeavored to crawl in between two closely fitting objects. 
In the vials they were found wedged in between the vial and the cotton 
plug and in the field they were often found between the leaf sheath 
and stalk of plants or in small cracks in the ground. 

The two reactions are necessary in the life economy of the insect 
in its search for chinch bug eggs. 


A Memser: I would like to ask as to whether this parasite has 
transferred its habitat to the chinch bug or whether it has been present 
all the time in small numbers? 

Mr. J. W. McCotuocu: Indications are that it has been present 
for some time. The percentage of parasitism the first year we found 
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the parasite was about the same in all parts of Kansas under various 
atmospheric and soil conditions. About 16 per cent of the eggs 
collected in the field were parasitized. This year 14 per cent of the 
eggs collected in the field outside of Manhattan were parasitized. 

PresipENt H. T. Fernaup: The next paper on the program will 
be read by Mr. W. R. McConnell. 


A UNIQUE TYPE OF INSECT INJURY 
By W. R. McConne tu, Bureau of Entomology. 


INTRODUCTION 


The bean-leaf beetle, Cerotoma trifurcata Forst., is well-known in 
the south as an enemy of beans and cowpeas. It is known chiefly 
from the damage done by the adults to the foliage of these hosts, 
where its injury may consist merely of eating rounded holes in the 
leaves or may extend to the total destruction, particularly of young 
plants. 

The first record of a food plant was made in 1877 by Professor 
E. A. Popenoe! who found the beetles damaging the leaves of garden 
beans in Kansas. In 1887, Professor F. M. Webster? recorded the 
total destruction of garden beans in Louisiana and Indiana. He also 
found cowpeas seriously damaged in Louisiana and predicted that 
“To the cowpea this may prove a formidable enemy, especially in 
the south.’? Popenoe later published a more complete account? 
and Dr. Chittenden’,® has published several important papers on 
this insect, giving notes upon several additional food plants, upon its 
life history, and recording injurious outbreaks as far north as New 
Jersey. A few other writers, particularly H. E. Weed,® have added 
important facts regarding this insect. 

The larve have been described a number of times as feeding on the 
roots, channeling furrows in the bark of the subterranean portion of 
the stem, and even as burrowing up through the stem. While all 
these forms of injury may take place, it is evident that they are not 
sufficient to account for all the phenomena of the distribution and 
extent of damage in bean and pea fields. 

In the fall of 1912, Mr. T. H. Parks, formerly of the Bureau of 
Entomology, and the writer, while working in the lower Mississippi 
Valley, discovered that the nodules on the roots of. cowpeas had been 
damaged by larve resembling those of Diabrotica. Adults of the 
bean-leaf beetle were feeding upon the foliage and we suspected that 
the larve might belong to this species. The unique character of this 
injury led us to believe that a careful study of these larve in relation 
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to cowpeas should be made, and it was agreed that Mr. Parks should 
concentrate his attention upon this problem. He soon proved the 
identity of the larve and did the major portion of the work until his 
resignation in the following spring, when the writer took it up. The 
full possibilities of the damage began to be realized during the following 
summer when the larve were found to be the most destructive on the 
poor soils where soil enrichment through the growth of cowpeas was 
of the greatest consequence, and when soy beans were found to be 
seriously damaged in the same way. The present preliminary paper 
includes none of the results of the past season during which active 
work had been turned over to other hands, but the results obtained 
up to that time are deemed important enough for publication now. 


DISTRIBUTION 


The bean-leaf beetle is found over the eastern portion of the country 
from New York to Minnesota and southward to Kansas and the Gulf 
of Mexico. It occurs in most destructive numbers in the south, 
especially in the Gulf Coast States. 


Foop-PLANTS 


It feeds on a rather long list of plants, all of which are legumes. 
Recorded host plants include bush and pole beans, cowpeas, bush 
clover (Lespedeza spp.), hog peanuts (Falcata comosa L.), and tick 
trefoil or beggar weed (Meibomia spp.), including the cultivated 
beggar weed. Parks found adults on the leaves of English horse- 
beans (Faba sp.) at Biloxi, Mississippi, and pupe# near characteris- 
tically injured nodules of soy beans. The writer has found soy beans 
seriously damaged in Louisiana and-has reared larve from this host. 
He has also found the larve damaging nodules on some recently intro- 
duced forage plants, such as the moth bean, Kulthi bean, and Phaseolus 
sp. In the delta region of Mississippi Mezbomia canescens seems to 
be a native food plant and its nodules are damaged in the typical way. 
Garden peas and velvet beans seem to be exempt. 


Lirrt-HIstTory 


The notes on life-history apply to the latitude of central Mississippi, 
most of this work being done at Greenwood. Here there are at least 
three generations extending over the season, and the length of different 
stages varies at different times of the year. The adults hibernate 
under rubbish, in and near cowpea fields and gardens, and in clumps 
of rank grass. In the delta region clumps of Andropogon virginicus 
are favorite hibernating places, these dense clumps frequently growing 


April, ’15] McCONNELL: UNIQUE TYPE OF INSECT INJURY 263 


on a slight elevation and permitting the beetles to pass the winter 
above the general level of standing water in many places. 

The beetles emerge from hibernation early in the spring. At Green- 
wood, Mississippi, this occurs about the first of April. On the Gulf 
Coast this occurs considerably earlier, and in the extreme southern 
part of this country they may not hibernate at all. On emergence 
they begin to feed chiefly upon garden beans and also what native 
food plants they can find. After feeding for a week or more, oviposi- 
tion begins. 

The eggs are placed in the ground within a few inches of the base 
of the plants and at varying depths. In loose soil they may be found 
within one-quarter of an inch of the surface, but the beetles frequently 
place them on the under side of clods of earth, in crevices, and between 
the base of the plant and the earth. They may in this way be placed 
a couple of inches below the general surface. Occasionally they are 
placed on the surface in damp shaded situations. Eggs have been 
found in clusters of from 1 to 49, the average size of a cluster being 
about 12. The eggs are of a deep yellow to orange color, elliptical, 
reticulate, and about .70 mm. long by .35 mm. in diameter. A single 
female has laid as many as 795 eggs, but the average is probably con- 
siderably less than this. Oviposition continues over a period of 
several weeks to a month. The eggs hatch in about 18 days in the 
spring, while in summer this period may be shortened to a week. 

The larve at hatching are about 1.5 mm. long and when full-grown 
reach a length of 8-10 mm. At first they are of a creamy to a pale 
orange color, and the egg shells also retain the orange color after 
hatching. The larve later become pure white. The head, cervical 
shield, and anal shield are always black. 

They feed upon the roots, root hairs, and root nodules. They can 
complete their growth on either roots or nodules, or both, but seem 
to prefer the latter when they are available. They cut off roots and 
devour a portien of a cut end and may gnaw some of the bark from 
a larger root. When attacking nodules they cut a round hole into 
the nodule and usually devour the entire contents, leaving only the 
outer shell. They usually crawl out through the entrance hole 
but may cut their way on through. Several small larve may attack 
a single nodule, making a number of entrance holes. One nodule has 
been found to contain as many as 8 young larve. The larve usually 
travel along the course of roots in search of fresh nodules, but may 
go short distances through the soil. They have been found to injure 
nodules as deep as 8 inches and over a foot in a horizontal direction 
from the base of the plant. | , 

The larve pupate in a nearly upright position in small earthen cells 
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near the base of the plants or their horizontal roots and in depths 
varying from one-quarter of an inch to three inches. The depth of 
the pupal cells seems to be determined largely by the amount of 
moisture in the soil. During dry hot weather they pupate deeper 
than during wet weather. 

The period of larval growth varies from about three weeks in mid- 
summer to six weeks. or more in the fall. The pupal period extends 
over about four days in mid-summer and may be extended over two 
months in the fall. Pupeze have been found in the ground as late as 
the first week in January and these must have remained there in this 
stage since the first of November. 

The first generation of adults appears about the middle of June. 
By this time practically all of the over-wintered beetles are dead. 
Oviposition for this brood extends practically into July and by this 
time the adults of the second generation begin to appear. A third 
brood begins to appear during the last of August and adults continue | 
to emerge until stopped by cold weather in the fall, usually about the 
first of November. There is considerable overlapping of broods during 
the latter part of the season and there is probably a partial fourth 
brood. 

NATURAL ENEMIES 


Climatic conditions seem to be the principal natural check upon — 
the multiplication of this insect. A rainy winter with occasional 
cold snaps undoubtedly results in a high mortality. In an experiment, 
under what seemed to be excellent conditions for hibernation, only 
11 per cent of the beetles survived the winter. The character of the 
srowing season also influences the rate of multiplication. A few 
beetles are killed by a fungus, probably Sporotrichum, and eggs in 
cages frequently become covered with a greenish mould and fail to 
hatch. A small reddish mite was found clinging to a recently hatched 
larva ina cage. Mr. G. G. Ainslie has noted that small mites appar- 
ently injured the eggs. Ants have been observed cafrying off larve 
after they had been dug up. A Spring-tail, as yet undetermined, seems. 
to kill pupze when the ground becomes cold in the fall. The only 
internal parasite thus far reared is the Tachinid, Celatoria diabrotice, 
which kills a small percentage of the beetles. | 


DAMAGE 


The amount of damage caused by the larve of the bean-leaf beetle 
is difficult to estimate. When the larve appear while the plants are 
young and before the nodules have developed, the roots suffer seriously. 
When the nodules have begun to develop the larve then attack them. 
Nodules appear first on the tap root and these are frequently all 
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destroyed before they are half grown. Later, nodules develop on 
lateral roots and nearly all of these may be found and destroyed when 
quite small. One larva is capable of destroying a considerable num- 
ber of nodules. When the attack is delayed until the nodules have 
reached their full size, the destruction may be as complete but the 
damage is probably not as great. In any case a serious outbreak of 
the beetle means that the nodules have little opportunity for per- 
forming their function of collecting atmospheric nitrogen. This 
means that the plant will not be able through the nodules to store 
up nitrogen later to enrich the soil. While it is true that cowpeas 
will make a good growth in rich bottom soil irrespective of damage to 
the nodules, it is in the poorer hill soils that the loss of the nodules 
causes a marked decrease in the size of the plants, and it is in these 
soils deficient in nitrogen that the nitrogen-fixing ability of the nodules 
is most valuable. 

A correct determination of the loss in this manner from the attacks 
of the larve involves a knowledge of the nodule-forming bacteria 
themselves and a chemical analysis of the plants. Consequently, 
cooperative experiments with the Bureau of Plant Industry have 
been arranged, and these are still in progress. For the present, an 
idea of the possibilities may be gained from what is known of the value 
of legumes in soil renovation. Mr. Lewis T. Leonard, of the Bureau 
of Plant Industry, who is in charge of the codperative work on this 
insect, has kindly supplied a statement, as follows: ‘‘ Professor Bot- 
tomley of England has estimated from German and United States 
reports that on an average the legume nodule adds 166 pounds of 
nitrogen per acre to the soil (166 pounds of nitrogen is equivalent to 
about 1,844 pounds of sodium nitrate).’? He also has computed from 
reports in his office ‘‘that in the case of the cowpea the average value 
of the nodules to the plant is 140 per cent of the crop without the 
nodules, that is, by inoculation the crop is more than doubled.”’ The 
importance of the loss of the nodules on a poor soil will readily be seen. 

To this damage must also be added that caused by the larve to 
the roots. In addition it must. be borne in mind that the adults are 
capable of destroying a stand of young cowpeas. Ordinarily, after 
cowpeas have made a good growth, the damage by the adults is not 
serious. 

SUGGESTIONS FOR CONTROL 


The possibilities for the successful control of this insect on a crop 
of cowpeas are limited mainly to preventive measures. Since, as 
Weed first pointed out,® the first generation is in the main produced 
upon garden beans, it would appear that a campaign of thorough 
spraying with arsenicals against the adults as soon as they appear 
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upon beans would reduce their numbers considerably. Black-eyed 
peas, which are commonly grown in gardens in the south, should also 
be included, and wild host plants should be destroyed. 

The date of planting a crop of cowpeas is also an important consid- 
eration. It has become a well established custom not to plant cow- 
peas until June. This custom has come about apparently from the 
ravages caused by this beetle on an early crop. It is important to 
dodge the first generation of beetles in order to allow the plants to 
make a good growth before the second generation appears and to 
allow the poisoning of the adults on beans to take place. This can 
probably be done in the latitude under consideration if peas are not 
sown earlier than the latter part of May. 

There seemed to be a possibility of finding a resistant nes of 
eowpeas, and accordingly experiments were started to determine this 
point, the Bureau of Plant Industry furnishing the seed. This phase 
of the work is still being carried on, but it may be said that no variety 
is entirely immune. The Iron cowpea is damaged much less, both 
by larve and adults, than any variety so far experimented with. 
In view of the fact that it is also resistant to the root-knot disease, 
it promises well for the purpose of soil renovation wherever it is 
adapted to soil and climate. 
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Mr. F. M. Wepsster: I only wish to point out the far-reaching 
results of these investigations. Following the idea put forward by 
Dr. Forbes last night, I think this furnishes an excellent illustration. 
We began twenty-eight years ago with the investigation of a beetle 
whose injuries were supposed to be restricted to the foliage of legu- 
minous plants. Now we find ourselves at a point where we have to 
go to the ecologist, and the soil expert, as we find that the larve 
of this beetle in destroying these nitrogenous nodules, largely takes 
away the fertilizing value of these plants, especially if growing on the 
higher lands where there is the greatest need of additional fertility. 
And it takes us into a matter which the agronomist has overlooked. 
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Mr. McConnell has shown the actual financial value of these nodules 
to the farmer as compared with the cost.of sodium nitrates. 
PresipENT H. T. Fernautp: In the case of the papers remaining 
on the program, the authors are either absent or wish the papers 
presented by title. : 
At the close of this session, the regular business was oelapeewed and 
the meeting adjourned at 11.30 a. m. 


A New Pest, The Chrysanthemum Midge (Rhopalomyia hypogaea H. Lw.) 


Specimens of badly infested chrysanthemum plants were received under date of 
March 27, 1915, from Prof. R. H. Pettit of the Michigan Agricultural College, ac- 
companied by the statement that the above named insect, determined by the writer, 
was causing serious injury in the houses of a commercial chrysanthemum grower. 
Certain varieties, particularly mistletoe, appear to be very susceptible to injury. 
The plant submitted for examination had the stem from a point at about the surface 
of the ground to the region of the leaves, a distance of 1.5 cm., enlarged to practically 
twice the normal diameter, the swelling being composed of nearly approximate oval 
cells, each of these having a length of about 2mm. Similar masses of infested tissue 
occurred in and near the midribs of the developing leaves and arrested the growth of 
the foliage, producing a close, ill-shaped head and the probable ruin of the plant for 
commercial purposes. .A study of the,midges and the deformities they produce con- 
vince us that this is an Kuropean species recorded from central and southern Europe 
as infesting Chrysanthemum leucanthemum, C. corymbosum, C. atratum and C. japoni- 
cum, and producing galls on the stalks, leaves, buds and presumably also on subter- 
ranean root stalks. The individual galls frequently form sub-conical projections from 
the swollen surface of the plant tissues. 

This insect, like allied greenhouse species, probably breeds continuously when 
, conditions are favorable, the initial attack being usually confined to buds (including 
the subterranean ones on root stalks) or tissues just unfolding from the buds. The 
midges transform in the gall and it is probable that hibernation or estivation occurs 
either in the adult or possibly as larve in slowly developing, subterranean buds. 
The probabilities favor this insect being a serious local pest, since it has presumably 
become established in this country without its full complement of parasites. It is 
certainly desirable to ascertain the present distribution of the chrysanthemum midge 
in America, and growers of this popular flower would do well to adopt every reasonable 
precaution to keep their stock free from this insect. Badly infested plants should 
be burnt, and it is possible that, by cutting off and destroying infested portions of 
others, it may be practical to exterminate the insect in localities where it has become 
established without resort to more drastic measures. Fumigation with hydrocyanic 
acid gas, while deadly to the midges on the wing, would have little or no effect on the 
larve and could not be expected to accomplish more than prevent the insect from 
becoming excessively abundant. 

E. P. FE.t. 


268 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. & 


Proceedings of the Thirteenth Annual Meeting of the 
American Association of Official Horticultural 
Inspectors 


(Papers continued) 


IMPORTANT INSECT PESTS COLLECTED ON IMPORTED 
NURSERY STOCK IN 1914 


By E. R. Sasscer 


During the past year the Federal Horticultural Board has been is- 
suing, from time to time, in the form of news letters, lists of insects 
and diseases intercepted on imported nursery stock by inspectors 
throughout the states. In preparing these lists an attempt has been 
made to present them in such a simplified manner as to be intelligible 
to the isolated inspector as well as to entomologists and pathologists. 
These news letters are not published, and the object of this contri- 
bution is to put on record the finding of certain injurious insects, some 
of which have not been listed in previous reports. 

Fifty-one nests of the brown-tail moth (EHuproctis chrysorrhea Linn.) 

have been collected on French nursery stock, and three egg masses of 
the gipsy moth (Porthetria dispar Linn.) on cedar and camellia from 
Japan, and a single egg mass on azalea from Belgium. Larve of the 
pink boll worm (Gelechia gossypiella Saunders) were found in three 
shipments of Egyptian cotton, one of which exhibited a 20 per cent 
infestation and was to be forwarded to Arizona. This cotton pest is 
briefly described by Mr. W. D. Hunter in an unnumbered circular of 
the Bureau of Entomology, and, from all indications, would be a 
serious menace to the cotton industry if established in the southern 
States. 
- A single living adult of the olive fruit fly (Dacus olee Rossi) was dis- 
covered in a small package of olive seed from Cape Town, South 
Africa, after having been en route for 28 days. According to Silvestri, 
it requires from 47 to 49 days in Italy for the pupa to transform to the 
adult, and it is possible, therefore, for this pest to enter the United 
States through eastern ports of entry and still have ample time to 
reach the olive-growing sections of California prior to the emergence 
of the adult. In addition to the olive fruit fly, a dead specimen of what 
appeared to be Dacus semispharens (Becker) was found in the same 
small package. 

Avocado seed from Guatemala were infested with the larve of an 
undescribed curculio (Conotrachelus sp.). -The number of larve per 
seed varied from one to five, and the injury occasioned is not unlike 
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that of the avocado weevil (Heilipus lauri Boh.). These seed were 
also infested with the broad-nosed grain weevil (Carpophilus latinasus 
Say). 

A single specimen of the banana root borer (Sphenophorus sordidus 
Germ.) was found in a banana plant held in quarantine from Brazil. 
When received the plant was apparently healthy, but, after remaining 
in quarantine for several months, it commenced to die down, and, on 
close examination, the roots were found to be riddled by the larva 
mentioned. According to Jepson! this insect is a serious pest to banana 
plantations in the Fiji Islands, and no variety seems immune from its 
attacks. 

Egg masses of the European tussock or vapourer moth (Notolophus 
antiqua Linn.) have been frequently taken on various kinds of stock 
from Denmark, Holland, France, and Belgium. According to English 
writers, this insect is somewhat partial to civilized life, and frequents 
trees in densely populated cities, gardens, and parks. At times it is 
responsible for considerable damage to roses and to fruit and forest 
trees. : 

Cocoons of the Oriental Moth (Cnidocampa flavescens Walk.) were 
found on Japanese stock. ‘This insect has an extensive distribution in 
the Orient, and has previously been introduced into this country. 
A full account of this pest is given by Dr. H. T. Fernald in Bulletin No. 
114, Hatch Kxperiment ‘tation of the Massachusetts Agricultural 
College (1907). 

The citrus leaf miner (Phyllocnistis citrella Stainton) has been de- 
tected on Citrus and Atalantia from the Philippine Islands. According 
to Mr. R. 8. Woglum? this leaf miner is a serious pest in India, and is 
especially injurious to citrus nursery stock. 

Puparia of the papaya fruit fly (Toxotrypana curvicauda Gerst.) 
were received in a package containing an unknown vine from Mexico. 
This material was retained, and subsequently adults were reared. An 
account of this fruit fly was recently given by Messrs. Knab and 
Y others.’ 

Coccids have been reported frequently, some of the more important 
of which are the following: 


Aspidiotus destructor (Sign.) on Mangifera verticillata, M. indica var. carabao, 
Eugenia sp. from the Philippine Islands, and cocoanut from American Samoa. 
Chionaspis wistarie (Cooley) on Wistaria from Japan. 


1 “Report on Economic Entomology,” Department of Agriculture, Fiji, Council 
Paper No. 25, p. 48, 1911. 

2 Bull. No. 120, Bureau of Entomology, U. 8S. Department of Agriculture, p. 49 
(1913). ee. 

3 Journal of Agricultural Research, II, 6, p. 447 (1914). 
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Epidiaspis pyricola (Del Guer.) on pear seedlings from France. 

Morganella maskelli (Ckll.) on Citrus from Java and Brazil. 

Targionia biformis (Ckll.) on orchids from Venezuela and Colombia. 

Odonaspis secreta (Ckll.) on bamboo from Japan. 

Odonaspis sp. on grass from Brazil. 

Parlatoria sp. on Mango and Citrus from Brazil. 

Pseudaonidia articulatus (Morg.) on Limoncillo from Ecuador, and on Cinnamon 
from Colombia. 

Pseudaonidia duplex (Ckll.) on Camellia, Persimmon, and tea trees from Japan. 

Pseudaonidia peonie (Ckll.) on Azalea, Camellia, Pear, Gardenia, Olea fragrans, 
and Andromedas from Japan. 

Pseudaonidia trilobitiformis. (Green) on Jaboticaba murta from Brazil and 
Citrus from Japan. 

Pseudococcus ryani (Coq.) on Sciadopitys verticillata from Japan. 

Pseudococcus calceolarie (Mask.) on sugar cane from Brazil and flax from New Zea- 
land. 


The following list indicates by countries the number of species of 
insects collected on imported stock and reported to the Federal Hor- 
ticultural Board by various State and Federal inspectors: 


Algeria, 3. Ecuador, 4. Mexico, 9. 
Argentine, 2. Egypt, 6. New Zealand, 14. 
Australia, 7. England, 22. Nigeria, 11. 

Belgian Congo, 1. Formosa, 2. Palestine, 1. 

Belgium, 53. France, 35. Paraguay, 1: 
Bermuda, 3. . Germany, 5. Peru; is 

Bolivia, 1. Guatemala, 13. Philippine Islands, 24. 
Brazil, 50. al British Guiana, 1. Reunion, 1. 

Canada, 2. Hawaii, 1. Samoa, 7. 

Canal Zone, 3. Holland, 58. = Siam, 3. 

Cape Colony, 2. India, 10. Sudan (Africa), 1. 
Ceylon, 1. Treland, 1. Trinidad, 4. 

China, 13. Italy, 2. Transvaal (So. Africa), 3. 
Colombia, 37. Japan, 67. Turkey, 1. 

Costa Rica, 7. Java, 9. Venezuela, 3. 

Cuba, 2. Kamerun, 3. 

Denmark, 2. Korea. 1. 


THE PREVENTION OF RABBIT INJURY TO YOUNG APPLE 
TREES 


By E. N. Cory, College Park, Md. 
(Abstract) 


Economic entomologists are frequently asked to lend their services — 
in preventing or controlling animal pests, that do not belong to the 
insect world. Such a request was made of the Department of Ento- 
mology in Maryland in December, 1913, the animal pests in question 
being cotton-tail rabbits (Lepus sylvaticus). They were reported 
as having badly cut the trunks of young apple trees planted on the 


April, ’15] HEADLEE: ESSENTIALS OF INSECT CONTROL 271 


mountain sides. Some of the blocks of one- and two-year trees had 
suffered injury to the extent of 95 per cent of the entire stock. In 
other places the rabbits had not begun to work. | 

Electric welded wire screen of one-fourth inch mesh, 18’ 10’’, had 
been used in many of the orchards with success at a cost of one-half 
cent per tree, where the wire was bought by the carload, plus labor cost. 
Various washes of fish oil soap, blood, glue, hair, lime, and other in- 
gredients had been used with little or no success. White lead and 
raw linseed oil in the proportion of 2? part lead to 4 part oil had been 
used on a large number of trees. This cost approximately three-fourth 
cent per tree, labor being one-fifth cent per tree. The rabbits gnawed 
through this covering in most instances. 

The writer visited the place and demonstrated the preparation of 
concentrated lime sulphur and the method of thickening the material 
for brushing on the trees. Some commercial lime sulphur was used. 
About 600,000 one- and two-year apple trees were treated. 

The lime sulphur was diluted at the rate of 1 to 9 and approximately 
30 pounds of stone lime used to each 50 gallons of the diluted wash to 
thicken it. Five gallons of lime sulphur was placed in a barrel and | 
stone lime gradually added and slaked init. This tended to combine 
any free sulphur that remained. Water was gradually added, as 
needed to prevent burning and at the conclusion of the slaking to make 
up the wash to 50 gallons, thus giving a thickened wash of lime sulphur 
at a dilution of 1 to 9. Other lots were made up by first slaking the 
lime in large quantities, and adding the milk of lime to the diluted lime 
sulphur. 

This material was applied by gangs of men, each of whom was sup- 
plied with a gallon bucket and a three-inch varnish brush. Each man 
was able to cover about 700 trees per day at a cost of one-fifth cent per 
tree for labor and slightly over one-sixth cent per tree for material. 

The material proved very successful and the most economical wash 
that can be used on a large orchard. 


4 


THE ESSENTIALS OF INSECT CONTROL 
| By Tuomas J. Heavier, Pu.D., State Entomologist of New Jersey 
INTRODUCTION 


It is purposed to treat this subject briefly from the standpoint of 
the insect control official. It is understood that all consideration of 
experimental studies so necessary to carrying on the control official’s 
work will be disregarded and attention centered on the routine work 
of preventing insect pests in other states and in foreign lands from be- 
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coming established within the control official’s territory, and of pre- 
venting insects already established within his territory from assuming 
the character of serious pests. 


PREVENTING InNJURIOUS INSECTS AND DISEASES FROM BECOMING 
ESTABLISHED 


Control officials are in substantial agreement that for preventing 
undesirable insects from becoming established it is necessary to close 
the channels through which they naturally enter. Differences of 
opinion and practice obtain relative to the methods of closing these 
channels. Some officials require merely that all nursery stock shall 
come in under a regular certificate of inspection, totally ignoring the 
fact that the certificate may mean much or little. Others require the 
certificate and attempt also to determine to some extent the character 
of the person or firm shipping goods into the protected territory. 
Others require the certificate, inspect a certain percentage of the stock 
and do or do not examine the standing of the shipper. Still others 
examine all stock shipped in. , 

Examination of the various insect control laws shows conclusively 
that the practice of depending on the certificate is considered unsafe 
by many of the control officials. Indeed, the various discussions of 
the nursery certificate, which consume a part of the time of this asso- 
ciation practically every year, serve to show that dependence upon the 
certificate as a means of preventing injurious insects and diseases from 
entering the control official’s territory is dangerous. Many attempts 
have been made to better the certificate by making it state more 
specifically what it means. 

Doubt exists in the mind of the writer whether the attempt to make 
the certificate more specific is really worth while in view of the fact 
that such action is almost certain to increase the length of that already 
in use or multiply the kinds used. Certificates are already as long as 
will readily go on a shipping tag of convenient size, and any increase 
in length is for that reason undesirable. The multiplication in type 
means confusion to the agents of the common carrier and, to some 
extent, both to consignor and consignee. A certificate properly dated 
and signed is a certificate to the common carrier’s agent and, speaking 
generally, to the consignee. Further addition to the burdens of the 
carrier’s agents is likely to bring about disregard for the control offi- 
cial’s requirements. Furthermore, the consignee takes the certificate 
to mean that the stock is not only free from the specified San José 
scale and black-rot canker but from all seriously injurious insects and 
plant diseases. The control official cannot escape responsibility for 
the other parasites a given shipment may have by specifying the 
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troubles it may be free from. The certificate means to the consignee 
a clean bill of health, and the moral responsibility of the control official 
is not effectually minimized by specifying the particular pests from 
which the stock is free. 

That it is desirable for the control official to know just what the 
certificate means should be granted without argument; but may this 
not be obtained without either lengthening the present certificate or 
multiplying the type? At each of the last three meetings of this 
association, it has been suggested in a more or less official way that 
information relative to the species of insects which are held by him 
to be seriously injurious should be collected from every control official, 
and that this information should be printed and distributed among the 
control officials of the United States. It is the writer’s remembrance 
that a committee was appointed to confer with the Federal Horticult- 
ural Board relative to the matter and to induce the board to prepare 
such a publication. It seems sufficient to say that, regardless of the 
action taken, no such publication has ever been distributed. 

The attempt to bring about the more complete closing of the channels 
through which pests penetrate the protected territory, by investigating 
the responsibility of the consignor in addition to requiring the regular 
certificate is full of difficulties and would seem to offer little protection. 
Its influence is almost entirely moral and, if unaccompanied by exam- 
ination of a part, at least, of the incoming stock, can be expected to 
affect only the weak and the strictly honest. As the members of this 
association are perfectly aware, there is a common distinction between 
personal and business honesty. In using the term ‘“‘strictly honest”’ 
the writer refers to the business conducted from the standpoint of 
personal honesty. . In so far as this investigation of the consignor re- 
sults in keeping close track of the incoming shipments the results are 
bound to be good. 

The attempt to prevent the introduction of undesirable insects, by 
requiring the consignor to furnish prompt information of each shipment 
in addition to covering each by a regular certificate accompanied by 
inspection of a considerable percentage of the stock received, is the 
best method thus far developed when the funds have been limited. By 
such an arrangement the consignor knows that any one of his ship- 
ments may be examined and that should any be found infested he will 
be subjected to the closest possible scrutiny and the purchase of his 
stock, perhaps, advised against. He is thereby almost if not quite as 
effectually deterred from knowingly shipping infested stock as he 
would be by universal inspection. The attempt to keep track of 
incoming stock by requiring the common carrier to notify the control 
official is an unsatisfactory method from the standpoint of practical 
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inspection, because it usually does not give the inspector proper basis 
for judging the importance of the shipment. : 

The attempt to prevent the importation of seriously injurious 
insects by examining all incoming stock is theoretically the best method 
possible. By it the chance of an injurious species obtaining foothold 
would seem to be reduced to its lowest terms. As a matter of fact, it 
is a question in the writer’s mind whether the difficulty in choosing 
and managing the large group of inspectors necessary does not counter- 
balance the advantage gained by complete inspection: whether there- 
fore the partial inspection carried out by a small number of capable 
men, who, because of their small number can be more carefully chosen 
and better paid, does not afford as great a degree of protection as that 
given by the complete inspection. 

The work of preventing insect pests of foreign countries from enter- 
ing protected territory has only been recently undertaken. The 
discovery of brown-tail moth nests on pear stock from France appar- 
ently first roused the control officials of this country to the necessity 
of examining foreign stock. The fear of the introduction of the brown- 
tail and gipsy moths in this manner was so great and the volume of 
foreign stock likely to bring these pests so small that a large pro- 
portion of the shipments was examined. ‘The creation of the Federal 
Horticultural Board, which followed the realization of this danger, 
brought into existence a much-needed agency for the control of the 
interstate and foreign shipments. This body has served the cause of 
insect control well by closing the mails to unexamined plants, by so 
organizing the importations that practically all shipments are exam- 
ined, and by quarantining areas of infestation from which exceedingly 
dangerous insects are likely to come. 

It is well to observe, however, in spite of all of these agencies for 
preventing insect spread that little by little many injurious species 
are widening their distribution, and that, as the writer stated in a 
former paper! it is probably only a matter of time until their range 
throughout the world will include all regions where food conditions 
are favorable and climate bearable. The delay in their distribution 
which it seems practicable to effect through control measures seems 
likely to prove sufficient for their new environment to become adapted 
to them, and for the natural enemies, which attack them in their old 
homes, to become distributed in their new ones, thereby reducing them 
to the position of the pests native to the country into which they have 
migrated before they have had a chance to do great damage. 

In New Jersey the control officials do not desire a change in the word- 
ing of the nursery certificate or to have the consignor commit himself 
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by any personal promise. They want a knowledge of what the certi- 

_fieates of the various control officials mean, to have information of 
what is being consigned to persons or firms doing business in the state, 
and to examine a considerable percentage of the total amount coming 
in. Of course, it is their desire to examine all stock coming in under 
a certificate with the meaning of which they are not familiar, all enter- 
ing under a permit not backed by adequate inspection, and all which 
comes from regions infested with exceptionally injurious forms. 


PREVENTING OUTBREAKS OF ALREADY ESTABLISHED INSECTS 


Basing his opinion upon the insect and plant disease control-laws 
now in force in the different states and upon his experience in enforcing 
laws of this sort in two different states, it seems to the writer that the 
work of preventing the establishment of seriously injurious insects is 
far more effectively done than is the work of controlling the outbreaks 
of already well-established species. Year out and year in the standard 
pests of the country gather headway in some parts of their range and 
do large damage. Sometimes the coming outbreak is foreseen and 
adequate preparations made to meet it, but rarely is this so. There 
are certain great difficulties in the way of handling this problem in an 
efficient manner. The first of these is the securing of adequate in- 
formation as to the abundance of the obscure stages in different parts 
of the area. The second is found in interpreting such data as may be 
collected. The third is the placing of this information before the 
public in such a fashion that the persons who should have it, will get 
it and act upon it. | 

The problem of determining the abundance of the pest can be solved 
only by extensive and continuous scrutiny—that type of scrutiny which 
will keep the control official informed the year round as to just what 
each stage of each pest is doing and how much above the normal the 
existing density of the infestation is. .A few control officials practice 
this regular and satisfactory method of obtaining information to some 
extent, but the number doing it is small and those that do make use 
of it rarely attempt to cover the whole field. 

The problem of interpreting the data thus gathered is difficult, 
partly because the data of the findings and the results during the grow- 
ing season of previous years are not only meagre but not organized in 
such a fashion as to render them available and partly because the 
effect of natural enemy and of weather conditions is too poorly under- 
stood. We need the accumulation of experience along these lines 
that comes only as the result of well-directed effort. The control 
officials should begin this accumulation and the attention of experi- 
mentalists should be drawn to this field of entomological work. 
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The problem of laying this information before the persons concerned 
in a really effective fashion (that fashion which will produce effective 
action) is not by any means easy, but it seems to the writer less difficult 
than the other two. With laws sufficiently powerful and proper 
organization of the people who are to be protected, the adequate sort 
of action could be secured. 

CONCLUSIONS 


It is the writer’s strong conviction that the most efficient protection 
of the control official’s territory will not come through increasing the 
complexity of certification but rather through that codperation of 
control officials which will give the information sought without 
increase in red tape. 

It is further the writer’s belief that in its last analysis, the efficient 
protection of the territory depends upon the more or less complete 
examination of stock coming into it and that a very valuable pre- 
requisite is advance information of the source, nature, extent, desti- 
nation, probable date of arrival, and consignee of each of the various 
shipments. _ 

It is also the writer’s conviction that the prevention of the establish- 
ment of new pests is far more effective than is the control of outbreaks 
of insects already established, and that the time is at hand when a 
more satisfactory reduction of the latter must be effected. 


[| Papers read by title | 
NOTES ON THE ONION MAGGOT IN 1914 


By A. I. Bourne, A.B., Massachusetts Agricultural College 


In any treatment of the season’s work against the onion maggot, 
reference should be made to the general climatic conditions prevailing 
in the spring of 1914, in so far as they had any bearing upon the experi- 
ments undertaken. 

The early spring in Massachusetts and especially in the Connecticut 
Valley was in many respects unusual. Following a winter in which 
were several intervals of very severe cold, there was a long period of 
cold, rainy weather which continued well through April and into May. 
This handicapped the farmer to a considerable extent, for except in 
especially favorable locations, the land was in no condition to be worked 
until very late, and so planting was much delayed. The experimental 
plots could not be handled until fully three weeks later than in the 
previous year, and at least two weeks later than in 1912. As a result, 
at the time when normally the onion flies begin to make their appear- 
ance in the field to deposit their eggs on young plants, these plants were 
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either just breaking through the ground or were not yet in sight. The 
field work, therefore, was begun much later than before and ran until 
late in the summer. 

Upon frequent PP AitiOns, it was soon observed that the infesta- 
tion was very slight compared with former years. Inquiry revealed 
that this was noticed quite generally by onion growers in this region. 
Along with this fact may be noted that two other very common pests, 
the Colorado potato beetle and the squash bug, were also conspicuous 
for their relative scarcity of numbers. Whether there was any direct 
connection between the winter with its periods of severe cold, the late 
spring season and this marked scarcity of these common pests which 
normally occur in approximately the same relative abundance from 
year to year, or whether it was TRETERY a curious coincidence, it is hard 
to determine. 

The season’s work was planned in general to follow out the lines 
begun the previous year, to corroborate the results of that season’s 
work, and secure additional data as to details of manipulation of the 
various materials used. 

Previous work had demonstrated clearly that remedies and methods 
usually recommended for the control of the onion fly were out of the 
question for use in large fields, both because of the initial cost of the 
substances themselves, and the great expense for labor necessary to 
prepare and apply them. Furthermore, most if not all of them de- 
pended for the protection they gave, upon frequent renewals, all of 
which made their expense mount up to a prohibitive figure. In fact, 
their cost would often be higher than the loss caused by maggots, if 
no treatment other than pulling out infested plants during weeding 
were given. 

Therefore some method of applying treatment at the same time, or 
in connection with planting, seemed to offer the best chance of success. 
This was taken up in 1918, as reported in the April number of the 
JOURNAL OF Economic EntTomo.uoey for 1914. The results of that 
season demonstrated that several of the materials used were of so 
little value that further work with them was impracticable. In this 
class were naphthalene, soluble sulphur, powdered tansy, oil of tansy, 
etc. Some of these were out of the question because of cost and diffi- 
culty of securing in large quantities, and some had a decidedly injur- 
ious effect upon the growth of the onion. This was true especially of 
naphthalene. It appeared to control the maggots but at the same time 
seemed to prevent germination to a large extent. Other substances. 
did not appear to have any effect upon either the plants or the maggots,. 


at least when used in quantities practicable from the standpoint of 
expense. 
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Germination tests carried on during the winter furnished some 
further light upon the relative values-of the different materials. 

In the field experiments, only those materials which from the 
previous year had appeared of value, were given a trial. The method 
of application followed was that of using an ordinary onion planter 
with the covering wheel removed. This left the seed uncovered in the 
rows. ‘The different substances were then applied on top of the seed 
and the rows covered by hand. This manual work was necessary from 
the fact that it was impossible to secure a machine with the supply 
tank behind the seed dropper, and for several reasons the alterations 
could not be made in time. 

It was evident that the plants in rows which had been treated were 
retarded to some extent in their early growth, as compared to those 
in untreated or check rows. This caused the plants in treated rows 
to appear above ground a few days later than in check rows, but as the 
season progressed they apparently recovered from the slight early 
check and in the latter part of the summer there was very little, if any, 
difference apparent. 

As mentioned above, the naphthalene, when used alone, had a 
decidedly injurious effect upon the germination and caused a very 
irregular ‘‘stand.’”’ However, when diluted by mixing with a substance 
less powerful as a repelling agent, it appeared safe and_ warranted a 
continuance of its use in the experiments. 

The scarcity of maggots in the experimental plots was very pro- 
nounced. ‘There were fewer infested plants found in both plots on 
check and treated rows combined, than in former years had been found 
in the check rows of one plot alone. In fact, the total number during 
all the present season was less than one-half those found in 1913 in 
the check rows of one plot. The number of check rows was the same 
for both years. 

This extremely light infestation at first gave rise to some doubts 
as to the possibility of securing anything like trustworthy data. The 
results that were obtained, however, from the whole season’s records, 
bore out in general those of the previous years, although on a smaller 
scale, due to the meagre numbers of the maggots found. 

The degree of protection given by the different treatments was ap- 
proximately the same as before. This was also true in the relative 
abundance of maggots in check and treated rows, so that although the 
totals were much smaller, their relative standing agreed with those of 
the previous year. 

It was very evident that for the successful working out of this plan 
of applying treatment at the time of planting, a special design of 
planter would be required. A machine was purchased which seemed 
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to fit nearest the type desired. Several necessary changes were made, 
however, such as placing the feed or fertilizer tank so as to allow its 
emptying behind the seed dropper, together with other alterations, 
being careful all the while to keep the whole weight so well balanced as 
to allow smooth running in the field and avoid clogging the seed dropper, 
while still allowing enough weight on the covering wheel to cause it to 
cover the soil over the rows and roll it down evenly. Considerable 
time was given to this, and the aid of a high rate mechanic employed 
to make the necessary changes. Circumstances prevented its com- 
pletion and use during the present season, but in its employment an- 
other year it is hoped that several of the factors of variation enter- 
‘ing into the problem may be eliminated and thus enable the securing 
of more reliable data as to the relative value of the different treat- 
ments, based on their effectiveness against attack. 


THE APPLE FLEA-WEEVIL IN ILLINOIS 


Orchestes canus 
By P. A. Gienn, Urbana, Lil. 


In June, 1901, a small black rhynchophorous beetle was discovered at 
several points in southern Illinois feeding upon the foliage of apple, 
causing in some instances considerable damage. The species was at 
first supposed to be Orchestes pallicornis Say, but was later ascer- 
tained to be Orchestes canus Horn. This species was described by Dr. 
G. H. Horn in 1873 from specimens of adults from Michigan and Colo- 
rado. So far as we have been able to learn, there is no further refer- 
ence to it in entomological literature until 1901, when the first pub- 
lished account of its injurious habits appeared under the title “A 
New Apple Insect,” in a paper read by Dr. 8. A. Forbes before the 
Illinois State Horticultural Society and published in the Transactions 
of that society for the year 1901. A more extended illustrated article, 
prepared by Mr. Charles A. Hart, was published in 1911 in the Twenty- 
Sixth Report of the State Entomologist of Illinois. A paper entitled 
“The Apple Flea-weevil in Illinois,” by Stephen A. Forbes, was pub- 
lished in 1912 in Volume 46, New Series, of the Transactions of the 
Illinois State Horticultural Society, and another paper entitled ‘‘The 
Apple Flea-weevil,’’ prepared by the writer, was published in 1913 in 
Volume 47 of the Transactions of the same society. 


GENERAL DESCRIPTION OF STAGES 


The adult of the apple flea-weevil is about one-eighth of an inch long, 
rather robust, and of a uniform dull black color throughout. The 
eyes are large, almost meeting in front, and the beak is only slightly 
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curved and rather stout. The posterior legs are fitted for jumping, the 
hind femur being enlarged. When disturbed, the beetle either jumps 
or drops to the ground and feigns death. 

The egg, which is deposited in the veins of the leaves, is smooth, 
yellowish in color, rather bluntly rounded at the ends, and slightly 
curved. 

The larva is flat, yellow in color, and about three-sixteenths of an 
inch in length when full-grown. The segments of the body are dis- 
tinctly marked. The body is much wider and more bluntly rounded 
anteriorly than posteriorly, the segments after the sixth decreasing 
gradually in width, the last segment being very narrow and ending in 
a rather acute point. 

The pupa is white and resembles other rhynchophorous pup of 
nearly related genera. , 
History IN ILLINOIS 


It was first found injurious to the apple at various points in southern 
Illinois in June, 1901, by Messrs. E. S. G. Titus and Charles A. Hart, 
who were at that time, as Dr. 8. A. Forbes’s assistants, making a 
study of apple insects in that part of the state. It was again found by 
Mr. Titus the following spring and by Mr. E. P. Taylor throughout 
the same region in 19U5, and by Mr. Hart in western Illinois in 1906. 
The following is quoted from Mr. Hart’s article in the Twenty-Sixth 
Report of the Llinois State Entomologist: ‘‘In Illinois we have seen 
it or its characteristic injuries at about thirty different towns: In 
Pulaski, Union, Jackson and Williamson counties in extreme southern 
Illinois; in the prairie fruit region of Washington, Jefferson, Marion, 
Clay, Wayne, Edwards and Richland counties; in Jersey, Calhoun and 
Pike counties in the western part of the state; and in Coles and Chris- 
tian counties in south-central Illinois. It is represented in our collec- 
tions by several specimens labeled ‘N. Ill.,’ and by one from Normal, 
McLean county; and it will probably be found to infest apple trees 
throughout the state.” | 

During the last three years it has been more or less abundant in 
all the southern and western counties above recorded. In some local- 
ities the beetles were abundant enough to be of considerable economic 
interest and injuries have been quite serious, especially in orchards in 
which the foliage was scanty. 


CHARACTER AND EXTENT oF INJURY 


The injury is caused both by the larve: which work as miners in the 
leaves, and by the adults which feed upon the leaves. The injury 
caused by the.larvee is very much less serious than that caused by the 
beetles, but frequently the mines are so plentiful that nearly every 
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leaf on the tree contains one or more. The beetles in feeding work on 
the under sides of the leaves and eat out the soft tissues between the 
veinlets, leaving the epidermis of the upper surface of the leaf unin- 
jured. The pits thus made by them are from one-half to one milli- 
meter in diameter, and a number of them are usually made together, 
being separated only by the veinlets, which are left uninjured. Badly 
injured leaves present a sieve-like appearance when viewed from be- 
neath. A single beetle confined for several days on fresh leaves made 
an average of nine such feeding-pits a day. Since the number of 
beetles on a tree frequently equals the number of leaves, it will readily 
be seen that they are capable of becoming a very serious pest. The 
injury, however, is usually not very serious, but varies greatly in 
different localities and in different seasons. The reduction of leaf 
surface caused by the beetles varies from a fraction of 1 per cent to 
50 per cent or more, of the entire leaf surface. A reduction of 50, or 
even 25 per cent of the leaf surface in this way is a very serious in- 
jury, since it not only deprives the tree of a large per cent of its food 
elaborating tissues, but the removal of the epidermis of the lower sur- 
face In so many places exposes the soft tissues of the leaf to the drying 
effects of the atmosphere, and to the injurious action of spray mix- 
tures, and opens the way for the entrance of the spores of injurious 
fungous diseases, resulting usually in the total loss of badly infested 
leaves. 
/ LirE-History AND HABITS 


The insect is single-brooded. The winter is passed by the adult 
among leaves and grass and under clods or in cracks in the ground, 
under and near trees which they infest in orchards or woodlands. 
These hibernating adults become active in spring as soon as the frost 
is out of the ground, or about the last week in March in the latitude of 
St. Louis; and ascend to the branches, there to await the appearance 
of the leaves. As soon as the leaves appear they begin to feed on them, 
and by the middle of April or a little later, begin to deposit eggs. The 
eggs are deposited in the large veins of the leaves, in longitudinal 
cavities gnawed out from the under side by the female. Egg-laying 
continues for about a month, or to about the middle of May, after 
which time the adults soon die. The egg hatches in four or five days 
and the larva as it feeds constructs a mine extending toward the edge 
and usually towards the tip of the leaf. When the edge of the leaf 
is reached the mine becomes a blotch-mine. The larva matures in 
about three weeks and constructs within the mine a sort of cocoon, 
within which it pupates, and from which a few days later the adult 
beetle emerges. These mines when fully developed are brick red in 
color and are quite conspicuous. As a result of the wound made by 
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the female in depositing the egg, a swelling is produced in the vein 
at the point where the incision was made, causing the vein to angle 
upward slightly at this point. The new generation of adults begin 
to emerge about the middle of May, and continues to emerge till the 
second week in June, and are to be found during the latter part of 
May and the whole of June feeding on the foliage of apple and nearly 
related trees in orchards and woodlands. By the latter part of June 
they begin to descend to the ground and hide away among the leaves 
and grass, and in the soil, where they remain for the rest of the season, 
apparently without food, and during the following winter, to reappear 
in spring. By the end of the first week in July all the beetles have 
disappeared from the trees. These adults are quite active during the 
month of June, and may be seen flying from tree to tree in the orchards. 
For the rest of the season they remain dormant. When a leaf upon 
which a beetle is resting is disturbed the beetle usually falls to the 
ground and feigns death. 


Foop PLANTS 


Larval mines have been found in the leaves of apple, crab-apple, 
and crategus. The adult beétles feed upon the leaves of apple, crab- 
apple, cratzegus, wild cherry, and choke cherry, and an occasional 
feeding puncture has been found on leaves of pear trees growing in 
apple orchards. When confined in a cage on pear leaves, they will 
feed freely on them but will not deposit eggs in the veins. The adults 
of the new spring generation evidently fly about considerably, since 
they are to be found throughout woodlands, near infested orchards 
wherever the trees above mentioned are found. 


ConTROL MEASURES 


The serious injury caused by this insect in some localities during the 
spring of 1913 made it seem advisable to devise some means of con- 
trolling it, and the writer was selected for this work. Experiments 
began June 10, 1913. At this time the hibernating beetles had dis- 
appeared and the adults of the new generation were feeding on the 
foliage in large numbers. The work was continued the following 
spring, beginning early before the hibernating beetles had emerged 
from their winter quarters. The results of the experiments may be 
briefly summarized under the followi ing heads: Sticky bands, arsenical 
sprays, and contact sprays. 

Sticky Banps.—At the time when the experiments began many 
beetles were seen crawling up and down the trunks of the trees. A 
number of trees in a badly infested orchard at Newton, IIl., were 
banded with tanglefoot, with the expectation that many of the beetles 
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would be trapped in this way. Five days later an average of 423 
beetles was found on these bands. Two such bands were placed on 
the trunks of several trees, and in three days an average of 656 beetles 
to the tree had been-eaught. The following spring 64 trees in this 
same orchard were banded early before the beetles had emerged from 
their winter quarters, in the hope that they might be caught in large 
numbers while ascending the trees. The first beetles to emerge in 
spring were rather sluggish and attempted to reach the branches of 
the tree by crawling up the trunk, but later when the weather became 
warmer, many of them flew directly from the ground to the branches, 
with the result that while the beetles which attempted to crawl up 
the trunk of the trees were prevented from doing so, and many of them 
were caught in the bands, others succeeded in getting past the bands 
by flying. Many beetles crawling up the trunks of the trees were ob- 
served to take wing and again alight on the trunk, and others flying 
from the ground were also observed to alight on the trunk. Some of 
these alighted on the bands and were unable to extricate themselves; 
a large proportion of the beetles which were caught in the bands were 
caught in this way, and for this reason the wider the bands were the 
greater was the number of beetles caught. It was estimated that bands 
from three to five inches wide placed about the trunks of trees re- 
duced the number of larval mines in the leaves of the banded trees 
about 50 per cent. Wider bands would be more effective but also more 
expensive, and it is doubtful if it pays to go to the trouble and expense 
of using a protective measure whose efficiency is only 50 per cent. 

ARSENICAL SPRAYS.—since the larve of this species are leaf-miners, 
there is no way of reaching them with arsenical sprays; but the adults 
feed upon the tissues of the under side of the leaves and hence arsenical 
sprays applied so as to cover the under sides of the leaves should 
theoretically be effective. Sprayed orchards, however, have suffered 
almost as badly as unsprayed ones. This fact may possibly be ex- 
plained in several ways: viz., the beetles may be less susceptible to 
poison sprays than other insects that are easily controlled by them; 
the beetles may possibly be able to discriminate between poisoned 
leaves and those not poisoned, and in this way avoid the poison; 
the spray may not have been applied so as to cover thoroughly enough 
the under sides of the leaves where the beetles feed; and lastly, the 
sprays may not have been applied at the proper time. | 

By inclosing beetles in a cage with poisoned leaves it was found that 
when they fed freely some died within a day or two while others lived 
for a week or more, indicating that while they are not immune from 
poisons, some are much less susceptible to poison than others, or else 
feed less freely upon poisoned tissues. 
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By confining beetles in a cage containing unsprayed leaves, and 
also leaves sprayed with various combinations such as arsenate of lead 
and water; arsenate of lead, water, and flour paste; arsenate of lead 
and soap; lime-sulphur; and Bordeaux mixture; it was found that the 
beetles fed much more freely on the unsprayed leaves than on those 
sprayed with mixtures containing either soap, lime-sulphur, or Bor- 
deaux. Leaves sprayed with the arsenate of lead and water and with 
arsenate of lead, water and flour paste were eaten nearly as freely as 
the unsprayed leaves. It is probable, therefore, that the addition of 
lime-sulphur or Bordeaux mixture to an arsenical spray renders it 
ineffective, since they are both distasteful to the beetle and help it to 
avoid the poisoned leaves. Later observations tend to confirm this 
conclusion. ‘This last spring the writer was in an orchard where the 
flea-beetles were very numerous. The owner of this orchard had 
sprayed several rows of trees with arsenate of lead and water, and 
several adjoining rows with arsenate of lead and Bordeaux. Two 
days later dead beetles were lying thick on the ground under the trees 
sprayed with the arsenate of lead and water, but hardly any could be 
found under the trees in the rows sprayed with arsenate of lead and 
Bordeaux. ‘The spraying in this case had all been done the same day, 
the spray applied in the same manner in both cases, and the beetles 
were equally abundant in all the rows at the time the spraying was 
done. The difference in results must therefore have been due to the 
fact that Bordeaux was used in one case and not in the other. 

The beetles’ habit of feeding almost exclusively on the under sides. 
of the leaves suggests the necessity of directing the spray upward, 
rather than downward or horizontally as is usually done, especially 
early in spring. In the spraying mentioned above, special care was. 
taken to cover the lower sides of the leaves, and the large number of 
beetles poisoned in the one case is evidence that this method of. 
spraying is quite effective. 

In one experiment 24 trees were sprayed with arsenate of lead, 4 
pounds; flour (made into a smooth paste by scalding), 8 pounds; and 
water, 100 gallons. The spray was directed upward so as to cover 
thoroughly the under sides of the leaves, no attention being paid to 
the upper sides, with a pressure of about 150 pounds per square inch. 
Two days later dead beetles were lying thick on the ground. On a 
canvas about 90 square feet in area, which was spread under one of 
these trees as soon as the spraying was completed, 720 dead beetles 
were found two days later. It was estimated that an average of over 
3,000 beetles to the tree had been poisoned in this way, and that this 
number represented between 70 and 80 per cent of the beetles on 
the trees before spraying began. These results also indicate that the 
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method of applying the spray so as to cover the under sides of the 
leaves is at least moderately effective. 

In order to determine the proper time to spray, one has only to 
recall the seasonal history of the species. The beetles feed upon the 
leaves of the trees about two weeks before egg-laying begins to any 
extent. Egg-laying begins shortly before the trees come into bloom, 
and continues for about four weeks. Spraying should therefore be 
begun before the trees are in bloom, in order to destroy the beetles 
before eggs for the new generation are deposited. . If spraying with 
arsenicals is delayed until after the petals fall, a large proportion of 
the eggs will have been deposited and no amount of spraying at this 
time or later can prevent the development of the larve and the final 
emergence of the adults of the new generation. 

The adults of the new generation are to be found on the trees through- 
out June, hence spraying to destroy these and so prevent them from 
injuring the foliage should begin about the first week in June. 

Many orchard men do not use an arsenical spray before trees are 
in bloom and hence, for this reason alone if for no other, spraying has 
proven ineffective so far as the development of the new spring genera- 
tion is concerned. 

It appears, therefore, that the apparent ineffectiveness of arsenical 
sprays has been in a measure at least due to each of the four causes 
above mentioned, and it seems very probable that by the observance 
of the following suggestions satisfactory results will be secured: 1. 
Increase the amount of arsenate of lead to 3 pounds of the paste to 
100 gallons; 2. Omit the fungicide from the arsenical spray when spray- 
ing to control the apple flea-weevil; 3. Spray with a pressure of 200 
pounds or more, and direct the spray so as to cover the entire leaf 
surface; and 4. Begin spraying while the fruit is in the cluster-bud 
stage, Spray again after the majority of the new generation of beetles 
have emerged, and, if necessary, follow this spraying with ergs as 
soon as possible. | 

Contact Sprays.—In the early experiments it was found that the 
beetles are very easily killed with kerosene emulsion and nicotine sprays, 
the only difficulty being in getting the spray on them in sufficient 
quantities. To accomplish this two large canvases were made, each 
15 by 30 feet. These were spread beneath the trees while they were 
being sprayed. The spray was driven under a pressure of 200 pounds 
or more to the square inch, and directed upward so as to strike the 
under sides of the leaves. As soon as the spray strikes the leaves the 
beetles fall to the canvas, where they are killed by the kerosene. A | 
5 per cent emulsion is fairly effective, but a 7 per cent emulsion works 
much better. Black-leaf-40, at the rate of 1 pint to 100 gallons of 
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water, 1s about as effective as an emulsion containing 5 per cent kero-_ 
sene. This method works well when the trees are not too large and 
the branches are trimmed up so that the canvases can be operated 
without obstruction, but in orchards in which the trees are large, and 
the lower limbs are so low that their tips rest on the ground, it is very 
difficult to spray thoroughly and to manipulate the canvases expedi- 
tiously. The canvases used were made of heavy unbleached muslin. 
Strips were nailed across the ends of each to facilitate the handling of 
them. One by taking hold of one of these strips can drag the canvas 
from one tree to another, and in this way two men or boys can move 
the canvases from one tree to another about as quickly as they can 
walk the distance. 

This method of combating the apple flea-weevil has the advantage 
of giving immediate results, and of giving the orchardist the satis- 
faction of seeing the beetles lying dead on the canvas at his feet as 
soon as spraying has been completed. It has the disadvantage, how- 
ever, of requiring an extra application for which the apple grower has 
little time to spare, and hence will probably not be employed exten- 
sively except as a last resort to reduce the number of beetles of the 
new generation in June when earlier treatment has failed to suppress 
them. 

Fortunately, it is only occasionally that this insect becomes trouble- 
some, and when it does, the apple grower will doubtless be able to 
control it by making such alterations in his usual program and methods 
of spraying with arsenicals as to adapt them to its peculiarities. 


AN OUTBREAK OF THE ALFALFA LOOPER 
(Autographa gamma californica Speyer) 


By J. R. Parxer, Assistant Entomologist, Montana Experiment Station, Bozeman, 
Montana 


The most striking entomological feature of the season of 1914 in 
Montana was an outbreak of the alfalfa looper (Autographa gamma 
californica Speyer). This insect has been known to occur in Montana 
for a number of years, but until the present season it has never been 
abundant enough to be considered a pest of even the slightest impor- 
tance. The sudden appearance of millions of looper larve in the al- 
falfa fields was so unexpected and unusual that farmers were thrown 
into a panic and requests for advice poured into the station from all 
sections of the state. Many alfalfa growers were especially alarmed be- 
cause they believed the looper to be the dreaded alfalfa weevil. 
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EXTENT OF THE OUTBREAK 


In Montana the insect attracted attention in all parts of the state 
but was particularly injurious in the central and south central countries. 
Definite records of injury were either reported or personally made in 
the following counties: Sheridan, Dawson, Custer, Rosebud, Big Horn, 
Cascade, Broadwater, Jefferson, Madison, Gallatin, Missoula, and 
Sanders. 

The outbreak in Montana was so widespread that we were much in- 
terested to know how far it extended into other states and a letter of 
inquiry in regard to the occurrence of the insect in 1914, was therefore, 
addressed by Professor Cooley, to entomologists in all of the states 
west of the 96th meridian. By this means it was learned that it had 
been abundant enough to attract attention and do considerable injury 
in the following states: South Dakota, Wyoming, Colorado, Oklahoma, 
Utah, Nevada, California, Idaho and Oregon. Dr. C. Gordon Hewitt 
wrote that it was also unusually abundant in southern British Colum- 
bia and Alberta. Negative replies were received from North Dakota, 
Nebraska, Kansas, Texas, Arizona, New Mexico and Washington. 
The courtesy of the several entomologists who so promptly furnished 
the above data is greatly appreciated and is here acknowledged. 

The remainder of this paper is based on observations made by the 
writer within the state of Montana, with the exception of several refer- 
ences to statements made by entomologists in other states. 


SEASONAL HISTORY 


During the first week in May a day-flying Noctuid moth attracted 
attention in many parts of the state by its unusual abundance. In 
Bozeman it was particularly abundant about currant blossoms, while 
in the Clark’s Fork Valley, thousands of the moths were attracted to 
the apple orchards, where they caused some apprehension among fruit- 
growers. Mr. T. H. Parks writes that in southern Idaho the moths 
- were particularly attracted to cherry blossoms. As a matter of record 
a number of moths were collected and were determined by Mr. J. A. 
Hyslop of the Bureau of Entomology as Autographa gamma californica 
Speyer. Because of this insect’s former record the incident was con- 
sidered of but little importance and was for the moment forgotten. 
The writer happened to be in Billings on June 9 and there learned that 
some insect was doing great damage to alfalfa on the Huntley Project 
which is in the Yellowstone Valley about fifteen miles east of Billings. 
The following day was spent in visiting alfalfa fields on the Project. 
Everywhere sweet clover and alfalfa were heavily infested with a 
semi-looper which was recognized as the alfalfa looper. 

At this time, June 10, the majority of the worms were in the third 
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and fourth instars, although some had already pupated and there were 
many that were still very small. The larve were at the height of 
their abundance on June 15 and continued in diminishing numbers 
through the first week in July. From pupz collected in the field on 
June 10, moths emerged June 25, other moths reared from the first 
brood of worms emerged as late as July 30. 

A second brood of larvae was expected in late July or early August 
but so abundant were insect parasites and a bacterial disease that no 
more larvee were observed at any time during the remainder of the sea- 
son. Several adults were taken in the Gallatin Valley during the first 
week in September. 


PLants ATTACKED AND NATURE OF THE INJURY 


Sweet clover (Melilotus alba Lam.) was the favorite in a long list 
of plants fed upon the larve. Sweet clover plants standing in the 
midst of alfalfa were generally stripped bare of all foliage, while sur- 
rounding alfalfa plants were only partially defoliated. Alfalfa was 
second only to sweet clover and because of its much greater abundance 
was the plant by far the most generally attacked. When gardens were 
invaded lettuce was most severely attacked and wild lettuce (Lactuca 
pulchella D. C.), was stripped to the stems wherever the loopers were 
abundant. 

Larve were seen feeding upon the following hosts: Sweet clover, 
alfalfa, red clover, white clover, alsike clover, flax, sugar-beets, corn, 
lettuce, carrots, onions, peas, beans, cucumbers, muskmelons, water- 
melons, squash, currants, gooseberries, raspberries, dock (Rumex 
crispus L.), wild lettuce (Lactuca pulchella D. C.),\ lamb’s-quarters 
(Chenopodium album lL.) and sunflower (Helianthus sp.). From 
Idaho, Mr. Parks reports the larve as feeding upon apple foliage. 

Grains and grasses were never attacked even where adjoining heavily 
infested alfalfa fields. Sometimes the larve would crawl to such crops 
for the purpose of spinning their cocoons. 

The first crop of alfalfa was nearly ready for cutting when the looper 
larve began to attract attention. In most instances the injury was 
not noticeable from a distance, but upon close examination it could be 
seen that a large percentage of the leaf area had been destroyed. 
Where the infestation was heaviest, fields presented a whitened ap- 
pearance quite similar to characteristic alfalfa weevil injury. It is 
hard to state the amount of the injury to alfalfa as very few farmers 
make a practice of weighing their hay each year. However, on the 
Bureau of Plant Industry farm at Huntley, where careful records of 
the weights of all crops are made each year, it was found that the yields 
from the first cutting were approximately one-half ton less per acre 
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than for several previous years. A heavy infestation of the alfalfa 
looper was the only apparent cause for this sudden falling off in weight. 
The yield was noticeably light wherever the infestation was at all 
severe. The quality of the hay obtained was also greatly lowered, 
for the loss in weight was borne by the leaves rather than by the less 
valuable stems. 

Sweet clover was more severely attacked than alfalfa, but as very 
little is grown for hay, no estimate of the loss in tonnage could be ob- 
tained. Many patches growing wild were stripped entirely bare of 
foliage and in some of them the larve were astonishingly abundant. 
One patch was seen that was literally covered with loopers. On one 
plant forty-five worms were counted on one small branch and the 
remaining branches were just as heavily infested, while the ground 
beneath was covered with a squirming mass of larve. 

When infested alfalfa was cut, thousands of loopers were left with 
but a scanty supply of fresh green food and they at once began a mi- 
gration to other crops. Such a migration was seen at Huntley. An 
infested crop of alfalfa was cut on June 9 and on the following morning 
a heavy migration of worms was taking place from the cut alfalfa to 
an adjacent field of sugar-beets. In less than twenty-four hours from 
the time the alfalfa was cut, twelve rows of beets at the edge of the 
field had been eaten clear to the ground and others were much damaged. 
The owner was attempting to save his beets by spraying with Paris 
green, but so fast were the worms coming in that the damage was 
done before the poison could take effect. He was advised to turn > 
water into an irrigating ditch that separated the two fields and by 
this means the migration was stopped. 

Many beet fields were invaded in like manner and their scalloped 
and irregular margins were very noticeable as ene drove along the 
highways. However, beets that had been defoliated soon sent out new 
tops and by harvest time could not be distinguished from those that 
had escaped attack. 

Gardens and some of the field crops were attacked in proportion to 
their nearness to infested alfalfa and sweet clover. A half-acre garden 
which had been planted to squash, melons, cucumbers, beans, peas, 
corn, and beets was seen about ten days after it had been invaded by 
loopers from a neighboring alfalfa field. Not a vestige of the squash, 
melons, or cucumbers remained; beans and peas existed only as bare 
stems; corn was badly eaten and beets were sending out new tops after 
having been eaten to the ground. 

Many patches of melons that were attacked made a new growth 
and set much fruit, but a set-back of several weeks in a growing season 
which at the best is short, was sufficient to prevent the melons from 
ripening before the coming of fall frosts. 
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In several fields observed, flax was stripped of its foliage, but new 
leaves were very quickly developed and the yield was not materi- 
ally reduced. | 

Gooseberries, raspberries, and currants were attacked only where 
the worms were very abundant and other food was scarce. 


CONTROL 


The outbreak was.so sudden, unexpected and of such short duration 
that experimental work in control could be carried on only in a very 
limited manner. | 

Paris green at the rate of 13 pounds in 50 gallons of water, and arse- 
nate of lead at the rate of 4 pounds (paste) in 50 gallons of water were 
effective in killing loopers, but in the case of heavy migrations some 
method more immediately effective must be employed. 

One farmer reported that a dry ditch with the soil at the sides well 
pulverized was an effective barrier. Another reported killing many 
worms in his beet field by rolling as it is practiced at thinning time to 
break the surface crust. : 

The most successful method of preventing the larve from invading 
crops other than alfalfa was to keep a stream of water flowing through 
the main irrigating ditches. On the Bureau of Plant Industry farm 
at Huntley, a count was made of the worms carried past a certain 
point on an irrigating ditch three feet in width. It ran close to four 
hundred worms per minute or 576,000 per day. Nearly all of these 
were drowned and those that escaped were carried into a section where 
there were no farms. Some of the worms sink immediately when 
placed in water, while others will float for some time. Once in the 
water, they seem unable to get out, unless they become lodged against 
projecting weeds, sticks, etc. 

The immediate cutting of infested alfalfa, followed by discing and 
dragging, as is practiced in Utah for the alfalfa weevil, was recom- 
mended, but because of the presence of natural enemies no data as to 
the effectiveness of these measures were secured. 


NATURAL ENEMIES 


Birds destroyed great quantities of looper larve. Brewer’s black 
bird was of great benefit in this respect and could be seen in large 
flocks feeding upon the caterpillars at haying time. 

Insect parasites and disease were deadly in their attacks upon the 
hordes of worms, killing them off in such numbers that the second 
brood of larve did no damage and in fact was never seen, although a 
few adults were observed in September. The most effective of these 
natural enemies were two species of Apanteles and a bacterial disease. 
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Their presence was not noticed until after the worms had reached the 
height of their abundance, but during the last week in June the white 
cocoons of the hymenopterons and the blackened and putrid bodies 
of worms killed by disease were to be seen everywhere in the infested 
territory. = 
In the Bureau of Entomology bulletin 95, Part VII, the author, 
Mr.. James A. Hyslop, makes the following statement: “The alfalfa 
looper has been held in check by a number of parasites and a disease 
The time may come, however, when these natural enemies 
may themselves suffer reverses and temporarily fail to hold the pest 
in check.”’ Mr. Hyslop’s prediction has certainly come true and the 
wisdom of collecting and publishing biological data concerning insects. 
that are not of immediate economic importance is again emphasized. 


THE CITRICOLA SCALE 
(Coccus citricola, Camp.) 
By H. J. Quay Le, Citrus Experiment Station, Riverside, California 


Six or seven years ago some of the horticultural officers of southern 
California, particularly Mr. Cundiff and Mr. Pease, horticultural com- 
missioners of Riverside and San Bernardino Counties, had observed 
cases where fumigation was not effective against what was supposed 
to be the soft brown scale (Coccus hesperidum). In these cases, too, 
the scale was generally distributed over the old trees in the grove, while 
usually the soft brown scale occurs more commonly on young trees 
or a few twigs or branches of older trees. Some specimens of what was 
supposed to be this new variety of scale were at the time sent to the 
Bureau of Entomology as well as to the writer. The scales were iden- 
tified in both cases as C. hesperrdum. But further general observations 
showed that the scale in question was very sparingly attacked. by 
parasites, and that ants were not attracted to it in large numbers, both 
points being the reverse of what is true for C. hesperidum. At about 
the same time this variety was discovered at Claremont, and it was. 
identified by Mr. Essig as Coccus longulus and later as C. elongatus. 
When an incidental study of this scale was started by the writer in. 
1911, it did not appear to agree positively with any of the species that 
it had previously been placed under. In 1913 Mr. Roy E. Campbell 
was engaged as an assistant to work particularly on this scale, and as. 
a result of these studies, it was determined as a new species and was 
given the name of Coccus citricola.! 

This scale is now known to occur over widely coon ial localities: 
in California and attacks citrus trees primarily. It has been found also. 


1A New Coccid Infesting Citrus Trees in California. By Roy E. Campbell, En-- 
lomological News, Vol. XXV, May, 1914. 
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on pomegranate, nightshade, elm, and English walnut where these 
occur near infested citrus. Its origin is at present unaccounted for, 
but further studies may place it under some foreign form already de- 
scribed. The fact that it is a pest at present of citrus entirely and has 
not been taken on any native plant seems to indicate that it has been 
introduced. 

The citricola scale has spread very rapidly in some sections. While 
it was practically unknown in Tulare County two years ago, it now~ 
occurs in most of the citrus sections of that county. It occurs in 
such abundance in some groves there that, on account of the weaken- 
ing effect on the tree, fruit production has fallen off as much as 50 to 
75 per cent. Fumigation and scale control was unknown in that county 
until the present year, but during this season a very general inaugura- 
tion of such measures has been made. Excepting in a few localities, the 
infestations in southern California are not so severe as in the San 
Joaquin sections. The further fact that this scale is susceptible to 
fumigation for so short a period makes it an important economic factor 
in the citrus industry of California. 

Aside from the general economic differences between this species 
and C. hesperidum, the life-history and habits differ in the two species. 
C. citricola always deposits eggs which may hatch immediately or after 
a day or two. In C. hesperidum the young are brought forth alive. 
There are several generations a year of C. hesperidum, while there is 
but one or a partial second in the case of cztricola. Many of hesperrdum 
may mature on the leaves, while ctricola invariably migrates back to 
the twigs. 

The young of C. citricola began to appear in 1914 about April 20 
and continued until August. They settle on the leaves almost entirely, 
and mostly on the under side. In November and later they migrate 
back to the twigs. During the summer, fall and winter, they grow 
but little but rapidly mature in the early spring. The first molt occurs 
approximately one month from birth and the second molt a month 
later. 

The following identified species of parasites have been reared from 
this scale: Coccophagus lunulatus How., C. lecaniz, C. flavoscutellum 
How., Aphycus near flavus. One or two others are not yet identified. 

A peculiarity in the control of this species is that it becomes very 
resistant to fumigation after early in September. No evident changes 
in the scale itself have been noted at this period. The black scale and 
others at the same size would be very readily killed by fumigation. 
Spraying has not proved to be very satisfactory, as is the case of all 
spraying for scale insects on citrus trees. Fumigation, between July 
15 and September 15, has proved satisfactory, and is the treatment rec- 
ommended. 
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OBSERVATIONS ON THE OVIPOSITION OF CERTAIN 
CAPSIDS! 


By Harry H. Knicut 


The scarcity of knowledge in regard to oviposition by members of 
the family Capside led the writer to undertake observations on those 
species of greatest economic importance in Genesee County, N. Y. 
During the past summer the following species were observed and their 
method of oviposition studied in detail: The Apple Red Bug (Hetero- 
cordylus malinus Reut.); False Apple Red Bug (Lygidea mendax Reut.); 
False Tarnished Plant-bug (Lygus invitus Say); and Paracalocoris 
colon Say. 

While working in the field in codperation with the Genesee County 
Fruit Growers’ Association, the writer has had an unusual opportunity 
to observe these capsids over a large extent of territory. During the 
present year (1914) the Apple Red Bugs have proved to be among the 
most injurious insects attacking the apple in western New York. The 
rapid development of both species as pests has been quite remarkable. 
Described as new species in 1909 and life histories studied for purposes 
of control the same and following years (1911), such has been the brief 
history of these pests. It has been supposed that the apple red bugs 
were native to the hawthorn and wild crab and from these-came over 
to the cultivated orchards. This theory is well supported by recent — 
observations made in the field. On June 18, 1913, seven nymphs and 
some adults of Lygidea mendax were collected on Crategus sp. in an 
old pasture near an apple orchard where the species was likewise 
abundant. Nymphs of both species were found abundant on haw- 
thorn, wild crab, and wild apple trees May 24, 1914, at Portage Falls, 
in the valley of the Genesee River. Characteristic injury caused by 
feeding on the tender leaves and shoots was noted on all of these 
plants. This locality forms a natural and isolated breeding place for 
both species with no cultivated orchards within a radius of two miles. 


THE AppLE Rep Bue (Heterocordylus malinus Reut.) 


The eggs of both species (H. malinus and L. mendax) and places 
where they are found have been described by Prof. C. R. Crosby 
(1911) in an excellent bulletin on these insects. No observations are 
recorded giving the time and manner of the deposition of the eggs. 
The first adult of the apple red bug (H. malinus) was taken June 7 
but the majority of the species matured about June 12. Daily ob- 
servations were made on the adults confined in cages and under natural 


1 Contribution from the Department of Entomology of Cornell University. 
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conditions on the trees. By June 19 many females were noted to be 
heavy with eggs but none were observed to oviposit until June 21. 
For purposes of photography the females were caged on suitable 
apple branches under large glass cylinders. The best results were ob- 
tained by keeping but one female in a cage. On the morning of June 
23, four different females were observed while ovipositing. When a 
female is ready to oviposit she moves up and down the branch patting 
the surface with her antennz and touching the wood here and there 
with the tip of the proboscis. In this manner one spent six minutes 
searching for a place to oviposit. Another individual required fifteen 
minutes before a suitable place was found. The female begins to drill 
the hole by means of the proboscis (Fig. 1, pl. 11). This operation may 
require from five to eighteen minutes before the hole is ready for the 
insertion of the ovipositor. After drilling the hole with the beak, the 
female arches the abdomen, stands as high as possible, then unsheaths 
the ovipositor and thrusts it forward to locate the place prepared 
(Fig. 2, pl. 11). The head is turned under with the tip of the proboscis 
in the hole to help guide the ovipositor. Even with this assistance the 
insect is not always successful. One female was observed to make seven. 
attempts before inserting the ovipositor. Most individuals make two 
or three attempts before succeeding. After each failure, the hole is 
inspected and worked upon. for a time with the beak. Once the ovi- 
positor is started, the abdomen is worked up and down with a rapid 
jerky motion until the ovipositor is inserted nearly to its base (Fig. 3, 
pl. 11). An alternate contraction and expansion of the abdomen then 
occurs while the egg is being worked down into position. This opera- 
tion requires about two or three minutes. The ovipositor is then with- 
drawn and a rest of three to five minutes follows before inserting the 
second egg. After this interval, the hole is again located by means of 
the antenne and beak and then the operation of inserting the oviposi- 
tor is repeated. In some cases only one egg was laid in a place but two 
eggs appear to be the normal number. In one instance a female laid 
two eggs in each of three holes which were close together. All these 
eggs were placed in a line forming a ring at the junction where new 
growth started in the spring from a terminal twig (Fig. 6, pl. 11). An- 
other favorite place is at the base of a new fruit spur. Figure 5, pl. 11, 
shows how such a spur was broken out and two eggs left exposed. The 
eggs are slightly curved and follow the cambium layer without pene- 
trating the solid wood. 

On June 21 seven females of H. malinus, apparently in an opellae ane 
condition, were captured on hawthorn at Portage Falls, N. Y. These 
were brought to the insectary and placed in cages on suitable apple 
branches. Two of these females were observed to oviposit on June 
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23. On the morning of June 24, one individual was photographed 
while ovipositing on apple. This female was then placed on a branch 
of Crategus sp. and other photographs were obtained the same after- 
noon (Fig. 1, pl. 11). Thus it is seen how easily the species may go 
from hawthorn or wild crab to the cultivated apple. 

The number of eggs laid varies with the individual from day to day. 
One female was observed to oviposit in six different places between 
10.00 a. m. and 12.00 o’clock noon. This same female was observed 
to oviposit daily from June 23 to June 27, but died on the 28th. One 
female captured June 21 and kept in a cage was observed to oviposit 
as late as July 5 but was found dead on the 7th. Several females were 
captured July 5 on Cratzegus. and wild apple trees near Attica, N. Y. 
The wild fruit showed characteristic red bug injury as seen in culti- 
vated orchards (Fig. 11, pl. 12). Two females heavy with eggs were 
captured on quince, July 11, at Byron, N. Y. Characteristic injury 
was observed on the quince fruit. Four females were taken on Crate- 
gus sp., July 13, near Batavia. One of these individuals lived in the 
insectary until July 17. No more specimens were taken after this date. 


Fats—E APPLE Rep Bue (Lygidea mendax Reut.) 


Lygidea mendax matures from seven to ten days later than H. mali- 
nus. The first adult was captured on June 14 but the majority of the 
species matured about June 20. Several females were watched closely 
but no eggs were.obtained until July 8. The adults may be seen to 
feed on the branches with proboscis deeply inserted for several min- 
utes at a time. These holes are never used for inserting eggs. When 
ready to lay, the female moves about over the twigs searching for 
lenticels on wood of the previous year’s growth. Several of these may 
be tested with the tip of the beak before one is selected for ovipositing. 
The behavior of this species is very similar to that of H. malinus. | 
_ The lenticel is drilled out by means of the proboscis. One female re- 
quired ten minutes for this operation. Three attempts toinsert the ovi- 
positor failed but on the fourth she succeeded (Fig, 4, pl. 11). It took 
two and one-half minutes to lay the egg. After an interval of four 
minutes, she returned to the hole and upon the second trial inserted the 
ovipositor and laid anegg. After this the wound was sealed by means 
of the proboscis. The lenticels are normally light colored but after 
being injured by the process of oviposition, they appear reddish brown. 
By this means one soon learns to locate those containing eggs. The 
normal number of eggs laid in a lenticel is two but in seven cases only 
one egg was found (Fig. 7, pl.11). The eggs are placed in the cambium 
at such an angle that the lower ends may rest on solid wood and their 
tips be 1.5 mm. apart. 
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In order to get pictures of the bugs laying eggs, it was found that 
time could be saved by caging them for two days on leaves only, and 
then placing them on suitable branches before the camera. They are 
usually ready and anxious to deposit eggs by that time. 

Females were observed ovipositing on the trees as late as July 18. 
Specimens were still on the trees July 22, but most of them disap- - 
peared with the cold rains that followed. A search was made on July 
27 but no specimens were obtained on trees where they had formerly 
been abundant. This species was found numerous on hawthorn and 
wild crab along with H. malinus at Portage Falls, N. Y. The species 
has also been found breeding on quince trees. 


THE Faust TARNISHED PLANT-Bua (Lygus invitus Say) 


This Capsid causes serious injury to pears, and is well described in 
a bulletin by Parrott and Hodgkiss (1913). The nymphs of this species 
have been found abundant on pear branches where they injure the 
fruits, but no records exist giving the time when eggs are laid or where 
they are placed. 

This species is perhaps the most difficult in which to observe ovi- 
position of.eggs. Several females were kept in cages on pear branches 
but only one individual was observed to oviposit. This observation 
was made on the morning of June 26. Other females which were heavy 
with eggs were observed daily to feed on pear fruit and on the branches 
but no effort was made to oviposit. The female observed to oviposit 
was first discovered when the ovipositor was inserted nearly to its base 
in a fresh pear shoot of the present year’s growth. After two minutes, 
the ovipositor was withdrawn. The female turned, inspected the hole, 
then moved along the branch about two inches. After five minutes, 
she became very active and proceeded along the branch feeling with 
antenne and beak. She soon returned to the spot where eggs had been 
placed before, and with proboscis to mark the opening, she raised up, 
unsheathed the ovipositor and made the insertion much in the same 
manner as observed in the case of apple red bugs. A period of two 
minutes elapsed before the ovipositor was withdrawn. Upon examin- 
ing the branch, it was found that six eggs had been laid in a space 1 
mm. long. The eggs were closely packed in a double row lying flat — 
just within the cambium layer (Fig. 8, pl. 12). Three of the eggs were 
injured in opening the cavity, thus they do not show well in the photo- 
graph. Of two eggs measured, the length is 1.05 mm. by .26 mm. 
wide. 

The nymphs and adults of L. invitus were found most abundant on 
a row of Bartlett pears very close to a hedge-row of young elms and 
black locust. On June 5, the nymphs were found on both the pear 
and elm branches. Adults were reared from nymphs captured on the 
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elm shoots. On June 25, adults were quite numerous on both elm 
and pear trees. A search was made on the elm branches to see if eggs 
were being deposited there. One capsid egg was found inserted in the 
tender bark, which in size and appearance corresponded to that of 
L. invitus. 

On June 20, two females and one male were placed on pear branches 
within a cheesecloth cage. The male died about the middle of July, 
while the two females were alive on August 6, but dead on August 8. 
No eggs were found in the branches. These adults produced character- 
istic injury to a pear growing within the cage. 


An APPLE Capsip (Paracalocoris colon Say) 


This is a species which was found rather commonly on apple trees 
during the past summer. The brownish-red and white banded nymphs 
may be found feeding on the tender shoots and foliage in a manner 
similar to apple red bugs. However, the fruits which are punctured 
do not develop such deformities and scars as result from feeding by 
red bugs. The first adult was taken June 15. Oviposition was first 
observed on July 3. This species oviposits in places quite different 
from any capsid heretofore observed. The females prefer to oviposit 
along the margin of dead wood, such as stubs caused by the breaking 
off of limbs. Females which were caged on limbs free from scars did 
not oviposit. Three individuals were induced to lay by placing them 
on branches which had broken stubs (Fig. 10, pl. 12). One female was 
observed to oviposit on the tree. In this case, the egg was placed in 
the margin of a wound caused by the splitting off of a small branch. 
The female prepared a place in the margin of the live bark by means of 
the proboscis. The ovipositor is then thrust forward and worked into 
place with a rapid jerky motion. It requires from three to four minutes 
to insert the ovipositor and lay an egg. Five eggs were placed around 
the margin of one stub, a new hole being made for each egg (Fig. 9, 
pl 2). 

The egg is 1.2 mm. long by .2 mm.in width. It differs 
from other Capsid eggs by having a white cap with two 
keels that curve up and nearly meet over the top of the 
egg (Fig. 13). The cap projects from the cavity as shown 
in the figure, but is not conspicuous due to the uneven 
character of the rough bark and surrounding wood. 
Most of the eggs were deposited during the first two 
weeks in July. The last specimen captured was a 
female taken on July 28. 


Fig. 13. Egg of Paracalocoris colon showing the cap with keels. 
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Puatr 11 
Fig. 1. Heterocordylus malinus drilling with proboscis, preparing to oviposit in 
Cratzegus. | 
2. H. malinus inserting the ovipositor. 
Fig. 3. H. malinus with ovipositor inserted nearly to the base. 
4. Lygidea mendax with ovipositor inserted in lenticel. 
5. Two eggs of H. malinus laid at the base of a new fruit spur. 
Fig. 6. Showing holes made by H. malinus in ovipositing at the junction of new 
. growth and the old twig (enlarged). 
Fig. 7. Bark removed to show egg of L. mendax (enlarged). 
Poa 2 
Fig. 8. Eggs of Lygus invitus as deposited in pear branch (x2). 
Fig. 9. Bark removed to show egg of Paracalocoris colon laid at base of dead stub. 
Fig. 10. P. colon at the point of\ovipositing. 
Fig. 11. Natural fruit showing red bug injury. 
Fig. 12. Cratzgus leaves showing typical red bug injury. 


COTTON SEED OIL SOAP AS A SUBSTITUTE FOR WHALE 
OIL SOAP! 


By W. W. Yoruers, Bureau of Entomology, Orlando, Florida 


Many people, including some entomologists, find the odor of fish oil 
soap very disagreeable. Especially is this the case if it is used on 
plants in a conservatory or greenhouse. With a view to finding a 
substitute for whale oil soap much experimenting was done with cotton 
seed oil and the following formula was originated: 

2 quarts of cotton seed oil, 7 | 

6 ounces of caustic potash, 

1 quart of water. , 

Directions: Dissolve the caustic potash in the water and heat until 
it boils vigorously. The oil then should be added very slowly. It 
should be added in such a way that the boiling should not cease. A 
few minutes after all the oil has been added the soap is finished. Stir- 
ring, of course, must be continued throughout the process. 

This formula contains 637/1. per cent of oil, 315/10 per cent of water and 
somewhat less than 6 per cent of caustic. The product has about the 
same consistency as ordinary fish oil soap and is quite easily handled. 


1Published by permission of the Chief of the Bureau. 
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About two years after this work was done it was found that this is 
about the regular formula for the manufacture of soft soap from cotton 
seed oil, as given in various publications. This formula can also be 
changed so that it will contain from 43 to 50 per cent of oil and ane 
product resulting will be quite satisfactory. 

The experiments so far indicate that this soap can be used as a 
substitute for fish oil soap and we would recommend that entomolo- 
gists try this for greenhouse plants and other plants where the people 
object to the odor of fish oil soap. 


REARING OF MOTHS AND TACHINA-FLIES FROM LARV/ 
AND PUPZ OF ARMY-WORM IN NORTH : 
CAROLINA IN 1914 
By FRANKLIN SHERMAN, JR., Entomologist, State Department of Agriculture, 
Raleigh, N.C. 

In Vol. 1, p. 354 of this Journat, Prof. Z. P. Metcalf gives data on 
parasitism of army-worm (Heliophila unipuncta Haw.) by the Ta- 
china-fly (Winthemia 4-pustulata Fabr.). His data was secured from 
worms collected during an outbreak at Durham, N.C.,in August, 1908. 

On July 29, 1914, the writer, with Mr. C. L. Metcalf, collected many 
army-worms (H. unipuncta) near Neuse, N. C., thirteen miles north 
of Raleigh. These were sorted into lots according to the number of ) 
parasitic eggs we could detect on each worm, and rearings were made 
(1) by placing numbers of similarly parasitized worms in the same 
cages and (2) by placing individual worms in separate vial-cages. 

All cages had one to three inches of moist sifted earth, and plenty 
of fresh grass supplied so long as needed. Examinations were made 
almost daily while developments were taking place. From the way 
in which healthy worms fed and grew I believe that few died from the 
handling or artificial conditions, though the mortality was high even 
among those not apparently infested with insect parasites. 

From 534 army-worms, showing 1,313 parasitic eggs, we reared a 
total of 18 adult moths and 296 parasitic flies, these representing 220 
Winthemia 4-pustulata Fabr. (which was the only one reared by Prof. 
Metcalf in 1908), 47 Phorocera claripennis Macq., and 4 Goniomyia 
unifasciata Desv., while 25 flies were mutilated, deformed and not 
identifiable (these were in all probability of the first two species named 
in this paragraph).1 

It was found that the larve of W. 4-pustulata left the dead larval © 
host and went deeper into the soil (4 to 14 inches) to form their puparia. 
In no case where this fly issued did the host form the pupa, though the 


1 Not taking into account a number of Sarcophazgid flies which emerged in the larger 
cages. 
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occasional formation of the pupal cell was noted, and in every case the 
fly-puparia were found free in the earth. The same held true for P. 
claripennis so far as noted. 

In cases where G. unifasciata was reared the host pupated and the 
fly-parasite emerged from the pupal host. 

We have preserved in our collections one army-worm with 16 evident 
parasitic eggs—one with 17 eggs, and one with 34 eggs, these being 
the highest numbers found. 

The rearings from the army-worms collected at Neuse, N. C., and 
which showed from 0 to 15 parasitic eggs per worm, are indicated in the 
following table. . 


REARINGS FROM ARMY-WORMS FROM Neuss, N. C., 1914 


Tachina-flies 
Visible sa5 ws a a Per cent. 
Parasitic Moths = = 5 E E = > 3 A : Fly Flies - 
Worms | . : aie 2 § gS Flies 
Eggs per Keared ag E = ZS Eggs | to Fly 
Worm amin ae es Eggs 
6 9 3 | Q fe) Q 

OF ee ee 158 15 0 0 1 0 1 3 5) 

pete 96 1 7 11 0 2 0 0 20 96 20.83. 
7 oe 76 0 19 iN7/ 1 4 0 0 41 152 26.97 
5 eee 64 0 21 26 5 11 0 0 63 192 | 32.81 
Ae ere! 36 1 12 22 3 3 0 0 40 144 27.77 
Gy cuabres. 30 1 18 15 1 1 0 0 35 150 | 23.33. 
Gach ne 24 0 8 12 1 1 0 0 22 144 15.27 
(ies opts 18 0 5 6 2 a 0 0 17 126 13.49 
chiara 2 14 0 3 5 1 1 0 0 10 112 8.92 
Le ee 5 0 1 2: 0 0 0 0 3 45 6.66 
ORR 5 0 0 2 1 0 0 0 3 50 6.00 
1 Cae cares 1 0 2 1 0 0 0 0 3 11 27.27 
1 ere 3 0 0 1 0 2 0 0 3 36 8.33 
BF ce 2 0 0 4 0 0 0 0 4 26 15.38 
ee ae 1 G 0 0 1 0 0 0 1 14 7.14 
Gy ates 1 0 0 0 1 0 0 0 1 15 6.66 

96 124 18 29 1 3 
Totals. 534 18 220 47 4 271 1,313 
+25* 
296 


* 25 flies were deformed, mutilated, lost, or otherwise not identifiable. 


It will be noted that from 158 worms, .which bore no visible eggs, we 
reared 15 adult moths (less than 10 per cent) and that 5 flies, all but 
one of which were G. unifasciata, emerged. One moth issued from the 
worms showing one egg each, one moth from worms with 4 eggs each, 
and one moth from worms showing 5 eggs each. No moths were 
reared from 74 worms showing from 6 to 15 eggs each. 
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While admitting that the numbers involved are not large enough to 
furnish an absolute criterion, yet the per cent of fly-eggs which pro- 
duced flies give some interesting suggestions. The mortality among 
the flies (from egg to adult) was less among those where there were 2 
eggs per worm, than among those which had one egg per worm,—and 
the mortality was still less when there were 3 eggs per worm. This 
suggests that where there are only one or two eggs per worm, the worm 
- may have sufficient vitality to prevent the development of the parasitic 
larva inside the host. The highest percentage of flies was secured 
where there were 3 eggs per worm, and from this we may argue that 
when the worm bears 3 eggs there are enough parasitic larve to more 
certainly kill the host before the larve perish inside and the parasitic 
larve can still find sufficient nourishment to mature. ‘The per cent 
of flies maturing declines consistently when we pass above 3 eggs per 
worm until we reach 11 eggs per worm, but beyond this point the 
numbers involved in the rearings are certainly too small to warrant 
conclusions. Indeed, I feel that all above 8 eggs per worm are sup- 
ported by too little data to warrant any real dependence being placed 
on them. 

We often reared 2 adult flies from one worm, in several cases, 3 flies 
from one worm, and in one case we reared 4 adult flies (W. 4-pustulata, 
132) from one worm which showed 4 eggs when caged. 

One worm showed 3 eggs July 29; on August 3d it was still active 
though two parasitic larve had certainly entered, yet the worm 
partially pupated and then perished, neither moths nor flies developing. 
In no case did we secure both a parasitic fly and an adult moth from the 
same worm, nor did Professor Metcalf note any such occurrence in 1908, 


REARINGS FROM ARMy-WoRM Pup 


While looking into an army-worm outbreak in Haywood County 
in the mountains of western North Carolina, I secured a lot of pups 
(not counted). From these we could not expect to rear W. 4-pustulata, 
or P. claripennis which leave the dead larval host. But we included 
a few separated fly-puparia which were found among the pup in the 
field. All were put in one cage. Result: 


PERE VOI OGNSiac2 so. Wot, beer oe dose a 23 

( Architas analis, Fabr........ Pee (Go, 12) 

Goniomyia unifasciata, Desv.10 (57, 59) 
ESS Winthemia_4-pustulata, Fabr. 107 


Phorocera claripennis, Macq. 1 2 


From the abundance of pupz in the field in Haywood County it was 
evident that W. 4-pustulata and P. claripennis had not been so active 
in subduing the worms as they had been at Neuse, where we found 
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very few pupe after the larve disappeared. Yet the fact that we 
reared a specimen of each from the stray puparia collected shows that 
both species had been present. These army-worm pupe yielded as 
many flies as moths, approximately equally divided between A. analis 
and G. unifasciata. 

These rearings and observations taken together with those of Pro- 
fessor Metcalf in 1908 indicate that W. 4-pustulata is the chief insect 
parasite of the army-worm in the central part of North Carolina, and - 
that P. claripennis was also an appreciable factor in 1914. A. 
analis and G. unifasciata both killed many pupz in western North 
Carolina in 1914. 

Braconid and Ichneumon sprenenaes (Hymenoptera) were noted or 
reared on only an insignificant percentage of the army-worms. Sev- 
eral predaceous enemies were noted in the field but in no case enough 
to be an important factor. We believe that bacterial diseases played 
a part, but secured no confirmation on this. The largest natural 
factor noted was the Tachina-fly family. 

The indentifications are by Mr. H. E. Smith of the Bureau of Ento- 
mology, Washington, D. C., to whom I desire to express thanks. 


RELATIVE SIZE IN FUMIGATION 


By C. W. WoopworTH 


The measurements now always taken in obtaining the size of fumi- 
gation tents are the distance over the top and the circumference. 
Most tables now in use are incorrectly calculated because equal values 
have been given to both dimensions. 

It will be evident at once that the distance over is changed with a 
change either in the height or the diameter of the tree and that there- 
fore it is the more important of the two. 

The possibility of adding to this dimension an amount dependent 
on the difference between the two measurements which will indicate 
the proportionate size of a tent gives us a new and very convenient 
and accurate method of rating a tree for dosage. 

This we will call the ‘‘relative size’ of the tent. If the proportions 
of a tent remained constant the distance over could then be taken as 
the relative size. Since the distance around always equals or exceeds 
the distance over we may select as standard a tent with these two meas- 
urements equal. The amount to be added to this to allow for wider 
and shorter tents is one fifth of the difference between the two measure- 
ments. Thus a tent 20 x 30 would have a relative size of 22 and should 
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have a dose equal to that of a tent 22 x 22. It will not be necessary to 
explain here why one fifth is the correct factor.t 

The adoption of this plan of relative sizes makes it possible to pre- 
sent a table of dosage in an exceedingly simple form, and to make the 
adjustments for different degrees of leakage also very easy. 


DOSAGE TABLE 


Ounces of Sodium Cyanid 


* Relative Leakage x x x 25% x x 5S 
Size 64 61 58 56 53 50 47 44 42 40 37 35 32 30 28 26 24 22 20 18 16 15 138 11 10 ft. 
AN 36) 32°28 2420 18 16.14 1210 9 8 7 6 5 44 432 324 213 12 14 1 2 42 


Reiative size equals distance over the tent plus one for each 5 ft. of difference between the 
measurements. 


Leakage more than .25% is read to the left and if less to the right, one number for each .05% 
more or less than .25%. Do not fumigate trees smaller than number of feet equal to .00% of 
leakage. Holes produce leakage requiring the use of the next number to the left when equiva- 
lent to a triangular tear half as many inches long as relative size and quarter as wide as long. 


Stronger dosage for purple scale may be read one or two numbers to the left and 
Weaker dosage for black scale one or two numbers to the right 
Acid corresponding with any dose is given 2 numbers to the left and 


Water 3 numbers to the left of the acid dose. 


In the foregoing table the approximate size of the minimum dose is 
indicated by asterisks except. for .25 per cent which is printed to em- 
phasize that this table is for that degree of leakage. 

The first line of figures gives the relative sizes corresponding with 
the doses on the following line. The intervals range from 1-3 and the 
dose intervals from % oz. to 4.0z. This corresponds quite closely with 
previous tables and with actual practice. 

The table in fact will be soon memorized. It will be noticed that 
the intervals of the upper line just above 10 and 15 are 1 and that other 
intervals are two except just below 35 and 40 and above 44. The 
doses corresponding to 10, 20, 30, and 40, are 2, 24, 5, 9, and with 64 
is 320z. Theintervals in the dose line are by quarter ounces to 2, half 
ounces to 5, ounces to 10, two ounces to 20 and four ounces to 40. 

The acid and water dose is usually calculated mentally; if to be read 
from the table cut a card as wide as five numbers. Held against the 
table the two corners will indicate cyanid and water and a line on the 
card may be drawn to point to the acid dose. Or prepare a card by 
cutting out a hole or notch wide enough to enclose five numbers and 
have this line to indicate aeid as before. 

The mental effort in calculating the relative size will not be found to 


1 Bulletin 220, Cal. Agr. Exp. Sta., p. 5. 


/ 
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be difficult and is decidedly easier than the process of adding the two 
figures which is now done in obtaining the distance over. 3 

A few examples will help in understanding the process. A tent 20 
x 30 gives a relative size of 22 (difference 10 giving 2 to add to the 20) 
and the dose given on the table under 22 is 3 oz. 25 x 87 gives a dose 
a little over 27 and the dose of 28 which is 44 oz. would be correct. 

Where the leakage is not .25 per cent or other factors enter into the 
calculation, the process is still very simple and easy. Thus with a 
.30 per cent, 23 x 28 tree, the dose would be 4 oz. instead of the 34 
shown in the table based on a .25 per cent leakage. 

Taking about the most complicated case—a 20x 26, 15 per cent tent, 
with rents amounting to 10 sq. in., determine the weakest dose for 
black scale. The size would indicate 3 oz. and the dose would have 
dropped to 2 oz. because of the tight tent, but for the holes which 
moves the number to 23 and finally the weak dose for black scale 
drops it down two intervals to 12 which is correct under these condi- 
tions. : 

If one had in this case a .30 per cent leakage the tent should not be 
used because the relative size is less than 30 and efficient fumigation 
is not to be expected. 

There can be no doubt that all these factors should be taken into 
consideration in fumigation if the best work is to be done and this 
dosage table may help to remove the difficulties which have hitherto 
seemed to the fumigators to be insurmountable. 


THE USE OF WATER UNDER PRESSURE FOR THE CONTROL 
OF MEALY BUG! 


By W. W. Yortuers, Bureau of Entomology, Orlando, Florida 


Owing to the ineffectiveness of spraying with insecticides for the 
control of mealy bugs in Florida it is interesting to know how a citrus 
grower controlled this pest successfully. These results were obtained 
by Mr. A. H. Brown, manager of the Atwood Grapefruit Company, 
Manavista, Florida. 3 

This grove of more than 200 acres is fitted with a high pressure ir- 
rigation system throughout and hydrants are placed at intervals so . 
that hose 100 feet long when attached will reach all the trees. The 
system furnishes about 60 pounds pressure. When used to control 
the mealy bugs a nozzle made out of three-fourth inch pipe three feet 
long is used. The end is flattened so that the aperture is about 1 inch 
wide and one-eighth of an inch opening. Since the mealy bug con- 


1 Published by permission of the Chief of the Bureau. 
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gregates largely where the fruits touch, the stream is directed at these 
places and the mealy bugs are knocked off on the ground. About 
three applications of this irrigation system is sufficient to control 
quite a severe infestation. This involves little extra expense since 
the water is usually needed in a grove. 

In view of the extraordinary success of this instance, it is certainly 
advisable to experiment with water sprayed under pressure from the 
ordinary spraying machine. In view of the fact that as yet no insecti- 
cide will kill the mealy bug to any extent and no other system of spray- 
ing is a matter of record, to my knowledge, I think Mr. Brown deserves 
much credit. 


ENTOMOLOGICAL MUSEUM OF THE UNIVERSITY OF KANSAS 


The following is a tabulation of the number of species and specimens: 


Number of 
species Number of 
varieties specimens 
in regular in regular 
named named 
collections. collections. 
Werneamerican Coleoptera... 2. ed cee ee we ewe 8,089 , 89,052 
© HRS HC OITGCL Ae ek Ao es eA EA Ee eel Hd c deale 3,756 12,208 
se - DUS FRA ee ee ee ae i ee Ng 2,244 = 6,741 
e a PV IMCHOPCCE Vise 2 Pee eee SUI ec alae 1,304 3,912 
s VETTE Aa oe ker. yeas ROS 1,064 3,724 
ie ie DrbhO tera aes eh echo ns Ss Ca res 492 1,845 
me INCU IUCD AG ad Mor geieees Sha Shes) cc, Segte Gt 293 
DSS TIEYE |" LCLIGHC LAGI i ae Ree ES hs ee a 2,600 8,450 
UEP MSNCT ge fe era eh, A AGN Ba cs yale oily. 981 1,716 
Collections for studies in geographic distribution, varia- 

Hite PEC COMMING PFOWIEMIS®., ... ais chistes cess + dos o 4 elon soe bee sale es 190,000 
“SOLIEE! OLDS, ear aA 20,803 263,640 
EAM al Seer IV UISEUII a Pe toa cee she nas Sia et dare clu tes See ee . 284,451 

SUMMARY OF TYPES IN SNow ENTOMOLOGICAL COLLECTIONS 

i COT DSTIEY ASS ep: ROSATO ANE AA FMS GEM Nr ee ae Racy ei an Ce ea eC 1 
“LST oe oe PA Sa SOL a oo AIP slag ACA ee ge aes ee ae 15 
LEU SSEOITRIV SUG: & eA) Ge abana Orgs he MIN ARLE iO AS Oe ee . 45 
alee ce pees er ae SEN eee a re te ted ne it 
Lo TOSI hg eect Bl I aap aire a ces GN oS iy Ae 2 je sta VOIR re Pea eat 490 
SLI OjDINSI HEY Gee. Satake O Sub oS Spt Us SIAL 01.0 he a ee Ae a a a ri eS 100 
ELIS DSL ea Se ke Bi Pa!) 
Beebe CUM G CLAS e/a are, Cee re NOM Pet ee TIA Pr ip iS oN 25 

LG! 2 Bee 2 PME cds oti a ore TCA cre CEA Ee ea Pn ae ee 947 
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Scientific Notes 


The Box Leaf Miner. There appeared in Newport in the spring of 1912 an insect 
which threatened to be disastrous to the shrub known as boxwood. My attention 
was first called to it when it was in the larval form in May. I recognized this 
insect at once as a miner and endeavored to find out its life history, but being unable 
to do so I have studied it with the following results: 

Beginning in May when the insect first seemed to gain life in the leaf, I watched it 
grow until the first of June when it appeared to eat its way through the leaf and little 
flies dropped to the ground, where, after struggling for a few moments. suddenly 
became possessed of wings and flying around at a distance of but a few feet from the 
plant, soon mated and as near as I could tell seemed to lay their eggs in the upper 
epidermis of the leaf. This went on for about six days when the flies suddenly dis- 
appeared and I found large numbers of them on the ground apparently dead, and I 
came to the conclusion that the male, after copulating, had died and the females 
after laying their eggs had followed the same course. This was all that I saw of the 
insect until about the 15th of August when little wart-like protuberances appeared 
on the leaves and upon examination I found very small larve again working there. I 
paid very close attention, as I thought perhaps within a few weeks there would be a 
new brood hatched, but I was somewhat dismayed when, after waiting for a couple 
of months, I found that there was no new brood of flies but that the larve had gone 
into winter quarters. | 

Being thus assured of the life history of the insect I endeavored to attack it by 
means of fumigation in the early spring, but failing in this I waited for the flies to 
appear in June when I prepared as many as a dozen different contact sprays to kill 
the insect when it appeared in its adult form. We sprayed the flies every other day, 
making a total of three sprayings, and of all the sprays which I used there was none 
which gave the immediate satisfaction as did that of soluble sulphur in the powdered 
form, which | used at the rate of four pounds to fifty gallons of water. This was the 
most effective spray which did not injure the plants and has worked successfully on 
all estates where used. 

H. C. WaLKER. 


Conference of Officials engaged in Gipsy Moth Work. On February 13, 
1915, a conference of officials engaged in gipsy moth work was held at the Boston 
office of the Bureau of Entomology for the purpose of discussing gipsy moth condi- 
tions in order to secure aS much uniformity of work and general codperation as 
possible among those engaged in this project. 

Dr. L. O. Howard, chief of the Bureau of Entomology, presided at the meeting and 
the following officials and visitors were present: 

Dr. C. Gordon Hewitt, Dominion Entomologist, Ottawa, Canada. 

Mr. L. 8. McLaine, Assistant in Gipsy and Brown-tail Moth Work, Ottawa, 
Canada. 

Hon. W. T. Guptill, Commissioner of Agriculture, Augusta, Me. 

Mr. E. J. Cady, Special Agent in Charge of Gipsy Moth Work, Portland, Me. 

Hon. A. L. Felker, Commissioner of Agriculture, Concord, N. H. 

Prof. W. C. O’Kane, Deputy Commissioner, in Charge of Moth Work, Durham, 
N.H. 

Mr. Harold L. Bailey, in Charge of Suppression of Insect Pests, Bradford, Vt. 

Dr. H. T. Fernald, State Inspector of Nurseries, Amherst, Mass. 
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Prof. A. E. Stene, State Entomologist, Kingston, R. I. 

Mr. C. W. Loveland, Assistant Entomologist, Providence, R. I. 

Dr. W. E. Britton, State Entomologist, New Haven, Conn. 

Mr. I. W. Davis, Assistant Entomologist, New Haven, Conn. 

Dr. T. J. Headlee, State Entomologist, New Brunswick, N. J. 

Mr. Philip B. Ayers, Secretary of Society for the Protection of New Hampshire 
Forests, Boston, Mass. 

Mr. E. L. Reynolds, Secretary of Massachusetts Forestry Association, Boston, 
Mass. 

Mr. C. B. Williams, Mr. Ernest Hargreaves, and Mr. George H. Corbett, 
Carnegie Scholars, who are studying problems in Economic Entomology in this 
country; and a number of representatives of the Bureau of Entomology en- 
gaged in all different lines of investigation and field work which are being 
carried on in connection with the gipsy moth project. 

Other officials having charge of moth work in Massachusetts, New York, and Ohio, 
were not able to be present at the meeting. 

The meeting was called to order by Dr. Howard and a statement was given by 
representatives from each state and the Dominion of Canada concerning the existing 
conditions and the methods which were being used to control both the gipsy and 
brown-tail moths. 

This was followed by a brief statement by Dr. Howard, in which he indicated that. 
Federal work on these two insects had been brought about largely because of the faet 
that the states infested were attempting to control these insects. He further stated 
that there seemed to be little disposition on the part of Congress to discontinue ap- 
propriations so long as it could be shown that the states were doing their part in 
stamping out these pests. 

Statements were then made by members of the Federal gipsy moth force in regard 
to the different lines of work which were being carried on and the results which have 
been accomplished. 

The parasite and other experimental work was briefly outlined by the writer, and 
the sylvicultural work, scouting work and quarantine work, was discussed by Messrs. 
Clement, Worthly and Rogers. 

At the afternoon session a general discussion was taken up in regard to the desira- 
bility of more uniform legislation in the different states and suggestions were made 
relative to changing some features of existing laws so as to bring about better results. 
Sufficient time was available, so that different men in attendance had an opportunity 
to discuss features of the work in which they were most interested, and it was the 
opinion of those present that much benefit and a better understanding of conditions 
in different parts of the infested territory would result. 

During the conference it was brought out that a change in the gipsy moth quaran- 
tine regulations was pending and that the Federal Horticultural Board expected to 
permit the shipment of Christmas trees and Christmas greens in the fall of 1915, 
after they had been inspected. The present regulations do not permit the shipment 
of material of this sort outside the areas under quarantine for the gipsy moth. It 
was the opinion of those present that Christmas trees and greens could not be satis- 
factorily inspected, owing to the large amount of material which is moved in a short 
period of time. 

On motion of Dr. Hewitt, the thanks of the meeting were extended to Dr. Howard 
and the writer for calling the meeting and it was voted to hold‘a similar meeting 
next winter. 

A. F. Burcsss. 
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Juniper Plant Bug (Chlorochroa uhleri Stal.) This large, olive green stink bug 
with pinkish markings is easily recognized and usually rare, though in June, 1894, it 
was reported from Brockport, N. Y., as having nearly destroyed a crop of peaches. 
Several years ago we found some eight or ten of these bugs on a small pine tree at 
North Chatham, and the past summer reports of the unprecedented abundance of 
this insect, accompanied by serious injury, were received from Mr. M. A. Soule, 
Quaker Street, Schenectady County, N. Y. Mr. Soule states that the bugs were 
thick on sunflower seeds, that they injured green corn and destroyed small peas 
while still within the pods, the insects evidently piercing the pods and drawing the 
sap direct from the seeds, and in this way preventing a normal development. To- 
matoes were also injured and turned black at the point of attack within a few days. 
Quantities of currants and berries were likewise spoiled. 

Mr. Soule kindly forwarded a number of living bugs and we were able to verify 
the reports so far as corn and tomatoes were concerned. ‘The insects repeatedly 
established themselves upon the surface of a tomato, and after a time the slender, 
chitinous lancets were forced into the fruit to their full extent, the ensheathing labium 
folding back near its middle as the head was pushed down until its lower margin 
touched the surface of the fruit. One bug remained over a feeding puncture twenty- 
seven minutes, repeatedly raising and lowering its head as it partly withdrew or 
forced the lancets into the fruit. When the latter occurred the lancets were sup- 
ported only by the tip of the labium and the tissues which they pierced. The next 
day the fruit showed an oval, slightly sunken area about a quarter of an inchin 
diameter, the center being marked by a minute puncture. This injured spot became 
more visible the second day, and later exhibited some discoloration. A similar injury 
was also observed to kernels of sweet corn in the milk. 

The Juniper plant bug was by far the most abundant species concerned in this 
injury, though the related Euschistus variolarius Pal. Beauv. was present in much 
smaller numbers and was observed feeding upon both corn and tomatoes. This 
latter insect apparently experienced less difficulty in piercing the skin of the tomato, 
though it did not drive the lancets so deeply into the fruit as to necessitate the folding 
of the labium. 

i. Pst, 


A Cricket Predaceous on the Termite. While observing a flight of termites 
(Termes lucifugus Rossi) at Manhattan, Kansas, on October 6, 1914, the writer no- 
ticed a common field cricket (Gryllus pennsylvanicus Burm.) feeding on the termites 
as they emerged from the ground. The cricket was between two of the holes 
from which the termites were emerging and was devouring one termite after an- 
other. During the fifteen minutes that the cricket was under observation it 
caught and devoured eleven termites. 

J. W. McCotiocy, Manhattan, Kansas. 
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The comparative uselessness, so far as many complaints of insect 
depredations are concerned, is apparent to practical entomologists, 
because all too frequently the presence of a pest in numbers is not 
recognized until most of the damage has been done or it is too late to 
accomplish much in checking the trouble. In some instances pre- 
ventive measures should be adopted months before the outbreak 
occurs, and frequently the probabilities are against a recurrence of 
the trouble in_the locality the next season. And, even if the latter 
were the case, there are many chances against the adoption of timely 
and effective control measures. These well-known conditions lead us 
to raise the question ‘as to the responsibility of the practical entomolo- 
gist. Is there not an obligation upon him to forewarn his clientage 
of a probable danger and the best methods of meeting the situation? 
If this be true, and few will dispute it, have economic entomologists 
discharged their full duty in this respect? We admit that forecasting 
insect outbreaks has its perils and all statements of this character 
should be most carefully qualified. It is frequently possible to make 
positive statements respecting the probabilities of the next season or 
the next few months, and, while this is often done in the case of a few 
insects, we are by no means certain that entomologists have lived up 
to their opportunities systematically. There is a constantly increasing 
literature on insect outbreaks and their causes, and special studies 
along this line may well be ranked as among the most practical inves- 
tigations. This data should be used wherever there is an opportunity 
and the American public trained to take advantage of the ‘“‘advance”’ 
information available. Control before serious damage has been 
caused is an infinitely better proposition than destruction of pests 
after half the crop has been ruined. The value of preventive measures 
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can hardly be emphasized too strongly. Next to that, we may well 
dwell upon the preliminary signs of insect outbreaks in an effort to 
accustom agriculturists to correctly interpret local conditions, espe- 
cially in relation to unusual depredations. The usual, annual pests 
are as a rule fairly well controlled. There is relatively greater loss 
from insects which occasionally become very destructive, largely be- 
cause someone fails to appreciate the significance of the preliminary 
signs. The entomologist cannot hope to be in all sections of his ter- 
ritory. He usually can have some type of fairly competent observers 
in important localities and such parties, if possible, should. be well 
posted along these lines, and promptly report all suspicious develop- 
‘ments. 


Reviews 


The House-Fly, Musca domestica Linn., Its Structure, Habits, Devel- 
opment, Relation to Disease and Control, by C. Gorpon Hewitt. 
University Press, Cambridge, 1914, pp. i-xv, 1-382, figs. 104. 


This exhaustive and valuable study of one insect is the outcome of investigations 
continued over a series of years and is “primarily intended for the use of entomolo- 
gists, medical men, health officers and others similarly engaged or interested in the 
subject.” It is adetailed anatomical, biological and ecological study of an insect, 
duly correlated with the investigations of others, for the purpose of establishing a sub- 
stantial basis for practical control work. A portion has been published earlier, but, as 
pointed out by the author, the advances of recent years have been so great as to ne- 
cessitate the rewriting of the entire work. Aside from the very full account of the 
house-fly, other species occurring in houses are briefly noticed and their characters in 
both larval and adult stages given.. The pathogenic phase, a most important subject, 
is considered in detail and occupies about 100 pages; chapters in this part dealing 
with the dissemination of pathogenic organisms by flies, the carriage of typhoid 
fever, the relation of flies to summer diarrhoea of infants, the dissemination of other 
diseases, etc. The most approved control methods are summarized in chapter 26. 
The author’s personal knowledge of both English and Canadian conditions enables 
him to discuss the matter from an unusually broad standpoint. The illustrations are 
excellent, the colored figures being particularly good. 

A bibliography of 37 pages indicates the ground which must have been covered in 
the preparation of this work, not to mention the original studies of the author. 
Both scientist and layman are indebted to this investigator for placing the information 
regarding this most dangerous insect in such convincing and convenient form. ‘The 
volume is indispensable to all desiring detailed information—a prerequisite to the suc- 
cessful control of this pest. 


Handbook of Medical Entomology, by Wm. A. Ritzy and O. A. 
JOHANSSEN. Comstock Publishing Company, Ithaca, N. Y., 
1915, pp. i-x, 1-848, figs. 174. | 

The developments in medical entomology have been so rapid and the subject 


is of such vital importance, as to amply justify the preparation of this volume, a 
work designed to ‘‘afford a general survey of the field, and primarily to put the 
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student of medicine and entomology in touch with the discoveries and theories which 
underlie some of the most important modern work in preventive medicine.’ This 
volume is written by entomologists possessing a keen appreciation of the applied or 
medical aspects of the subject, a viewpoint, we believe, essential to the most success- 
ful prosecution of investigations along this line. 

The first chapter gives a brief historical survey of the early suggestions regarding 
the transmission of disease by insects. The next contains a somewhat detailed dis- 
cussion of forms directly poisonous to man, that relating to spiders, ticks and stinging 
insects being particularly interesting and demonstrating in a convincing manner the 
errors sometimes characteristic of popular beliefs. About 60 pages are devoted to 
species parasitic on man, ticks, lice, mosquitoes and fleas—all represented by one or 
more important disease-carriers, which latter receive special attention. . 

The dissemination of disease by insects and their allies—the foundation of medical 
entomology—is discussed in its various phases in chapters 5-11, a total of about 100 
pages. The more important disease-carriers are somewhat fully treated in this por- 
tion of the work; house-flies, fleas, mosquitoes, tsetse flies, and their relations to 
diseases indicate a portion of the field covered. 

The necessity of identifying noxious forms has been met by tabulations of the 
characters of dipterous larvz most likely to be encountered (p. 136), of flies frequently 
mistaken for house-flies (p. 145) and of hominoxious arthropods, chapter 12. This 
feature and the extended and well selected bibliography add greatly to the value of 
the volume, especially for the investigator. There is a large series of excellent 
illustrations. : 

The subject is world-wide in application, vital in interest and the authors, by 
painstaking study and investigation, have produced a work which must be extremely 
serviceable to an extended cliental. 


The Apple Maggot, By W. C. O’Kanz, New Hampshire Agricultu- 
ral Experiment Station, Bulletin 171, pp. 1-120, 1914. 


In this large bulletin Professor O’ Kane has given us the results of a long and care- 
ful study of an important pest. It is evident that no pains have been spared to make 
the investigation thorough, and in consequence a great deal of valuable new data has 
been obtained. The bulletin is written in a clear, simple, concise style. It is illus- 
trated by two maps, sixteen photographs, one drawing and several charts of orchards 
used in the experiments. Most of the photographs are good, but a few are of an 
inferior character. Considering the comprehensive nature of the work and the value 
of good figures, one feels that it would have been an improvement if more good illus- 
trations had been added representing the various stages of the insect, either natural 
size or both natural size and enlarged. 

The bulletin begins with a good summary of contents. This is followed by an 
excellent account of the early history, food plants, distribution and destructiveness 
of the pest in North America.. Then comes a discussion of its economic importance 
in New Hampshire. The remaining eighty-five pages are devoted to an elaborate 
account of the life history and habits of the insect, natural enemies, control experi- 
ments and recommendations for control. The last four pages contain.a good bib- 
hography. 

The subject-matter throughout has been well handled and due attention given to 
each phase, except that it would probably have been better if another paragraph or 
two had been added giving a more detailed account of the nature of the injury done 
by the insect and the manner of distinguishing this from the injuries of other apple 
insects or from the Bitter Pit disease, which is so frequently mistaken by fruitgrowers 
for it. 
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Of the many valuable data given, the following are some of the most interesting and 
important, either as new contributions or confirming the conclusions of earlier in- 
vestigators. 

The flies begin to emerge in New Hampshire some years as early as the last week 
in June. The maximum emergence is reached the second and third weeks in July 
and emergence is practically at an end by the middle of August. Egg-laying extends 
from early July to the latter part of September. Adults may begin to oviposit inside 
of a week. (It had hitherto been supposed that two weeks or at least ten days was 
the minimum time between emergence and oviposition.) Efforts were made to deter- 
mine the average length of time before oviposition but were unsuccessful. This was 
due to the difficulty of getting adults to act normally in any kind of cage devised. 
The same difficulty made it impossible to determine either the average or maximum 
length of life of individuals under normal conditions. There is only one brood a year 
in New Hampshire. (Illingworth has.reported two from New York.) Eggs hatch 
in from five to seven days. ‘There is a very high mortality of eggs or larve or both 
in all kinds of fruit. This is least in early apples and greatest in winter varieties, in 
the latter case often reaching to 100 per cent. Larve do not leave the fruit, except 
in rare instances, until after it falls and has become mellow. The maximum issuance 
of larve occurs from infested fruit dropping early in the ripening season. Some of the 
factors that determine the degree of infestation of one variety compared with another 
are: early ripening, aroma, and thickness of skin. These factors may act separately 
or in combination. A small percentage of pups do not emerge at the ordinary time 
but remain two winters in the soil, thus making a two-year cycle. This tends to some 
extent to complicate control measures. Soil fumigants can scarcely be relied upon as 
a practicable or effective means of control. Cultivation does not control or have any 
noteworthy effect on the insects. Pups cannot in orchard practice be buried deeply 
enough to prevent emergence. Firming the soil would seem to be impracticable as a 
means of control. Poultry are helpful but usually are not available in sufficient 
numbers. No kind of bait has been discovered that appreciably attracts the adults. 
Sweetened poisons sprayed on the trees give very little indication that they can be 
relied upon to control the pest. The one great remedy is the destruction of infested 
fallen fruit before the larvee can escape. The fact that the larve will not emerge 
until the fruit is mellow and that the great majority come from early ripening fruit 
simplifies this means of control. Barnyard stock, especially sheep, hogs and cattle, 
may be utilized in the destruction of this fruit. 

Such are some of the most important conclusions reached in this bulletin. The 
evidence on which they are based seems in almost every case to be satisfactory. How- 
ever, on the question of the value of spraying with sweetened poisons there is room for 
doubt whether this method was given a fair test. It is clear that the author felt 
satisfied that all the necessary conditions for such a test had been fulfilled. A careful. 
perusal of his experiments will show, however, that in no case was nearly all or even 
half of an orchard sprayed, but only from one to three trees, and these were, so far 
as can be learned, never farther than fifty yards distant from unsprayed trees and 
usually much nearer. The experiments were planned evidently on the assumption 
that the flies for the most part do not travel much through the orchard before begin- 
ning to lay eggs or later. In our work on Cherry Fruit-Flies we at first tried this same 
manner of testing the sweetened poison with the same belief about the habits of the 
flies, but soon found that no satisfactory results could be obtained unless we sprayed 
almost all the orchard. Once this discovery was made we were able to take the 
worst infested orchards in the province and almost exterminate the pest inthem. As 
the habits of Cherry Fruit-Flies are very similar to those of Apple Maggot Flies, we 
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are of the opinion that the sweetened poison spray should not be considered a 
failure against the latter pest until it has been tested under different conditions. The 
best test, we believe, is to choose two isolated orchards, both badly infested the pre- 
vious year, and treat them alike in all respects, except that the one shall receive at 
least three applications of sweetened poison (2 or 3 lbs. arsenate of lead to 50 gals. 
water, sweetened with 1 gal. of cheap molasses), the first application to be made as 
in Professor O’ Kane’s experiments, as soon as the earliest flies appear, and the others 
at intervals of about 10 or 12 days. Both the upper and under surfaces of the leaves 
should be covered to prevent the mixture being all washed off by heavy or prolonged 
rains. If these occur the intervals between the applications may have to be short- 
ened or in some cases an extra application given. For best results no unsprayed 
trees should be left nearer than about 200 yards from the sprayed trees. Cages 
should be placed over the ground under the worst infested trees in both orchards to 
compare the respective number of flies that emerge in each and thus act to some 
extent as a check. | Fae os 


Insects of Economic Importance, Outlines of Lectures in Eco- 
nomic Entomology, By GLENN W. Herrick, pp. 1-138, 1915. 


This volume, as indicated by its title, is the outline of lectures given by the author 
and presents in brief compass the salient facts regarding a large number of the more 
important insects, together with a discussion of control methods, insecticides and 
quarantine and insecticide laws. The arrangement is based upon the plant affected, 
the enemies of all the principal fruit, field and garden crops both north and south 
receiving due attention. There are also chapters on shade tree insects, the pests of 
the various domestic animals and those occurring in the house. There is no discus- 
- sion of forest insects, presumably because this matter is taken care of in the College 
of Forestry. The treatment is practical, necessarily condensed and with each ac- 
count of an insect there-are given several well selected references to additional 
sources of information. Professional entomologists will find this a very convenient 
manual; for the practical farmer or fruit grower there are excellent diagnostic ac- 
counts of the injuries caused by the various pests together with directions for their 
control, while for the student we know of no better guide to the immediately practi- 
cal side of applied or economic entomology. 
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Current Notes 
Conducted by the Associate Editor 


Mr. H. O. Marsh, entomological assistant, Bureau of Entomology, is temporarily 
stationed at Phoenix, Ariz. 


Mr. C. Mason has recently taken up the post of Entomologist to the Department 
of Agriculture, Nyasaland. 


Mr. A. Rutherford, entomologist, Royal Botanic Gardens, Ceylon, died February 
3, from heart failure, following enteric fever. 


Prof. G. M. Bentley, state entomologist of Tennessee, has been elected secretary- 
treasurer of the newly organized Tennessee State Florists’ Society. 


Mr. R. Veitch, late entomological assistant to the Imperial Bureau of Entomology, 
has taken up the post of entomologist to the Colonial Sugar Refining Company, Ltd., 
in Fiji. 

Mr. Roy E. Campbell, scientific assistant, Bureau of Entomology, formerly sta- 
tioned at Sacramento, Cal., will remove his headquarters there and establish a new 
station at Hayward, Alameda County, Cal. 


Dr. Frank L. Thomas, a graduate of the Massachusetts Agricultural College, has 
taken up his new work as field assistant in entomology at the Alabama Agricultural © 
Experiment Station at Auburn, Ala. 


According to Science, Dr. Charles H. T. Townsend delivered an address on “‘ Ver- 
ruga and Its Transmission,” at the tenth annual banquet of the Tompkins County 
_ Medical Society at Ithaca, N. Y., February 16. 


Entomological Assistant W. D. Edmonston and Entomological Ranger George 
Hofer have joined Entomological Ranger Morris Chrisman, Bureau of Entomology, 
in the investigation of forest insect conditions in the mountains of southern Arizona. 


According to Science, two French entomologists, M. Reymond Morgon and M. 
Andre Vuillet, have been killed in battle. The publication of the Bulletin de Societé 
Entomologique de France has been resumed. 


All divisions of the Bureau of Entomology, which are located in Washington, are 
now housed under one roof, as the Bureau of Biological Survey has moved out of the 
building, which is now devoted entirely to entomology. 


Mr. C. F. Stahl, scientific assistant, Bureau of Entomology, has closed his station 
at Jerome, Idaho, and is opening a new station at Spreckels, Monterey County, 
Cal., for the study of the curly-top leafhopper (Eutettix tenella Baker). 


Mr. W. W. Yothers, Bureau of Entomology, has been in Washington for consulta- 
tion on citrus work in Florida. Mr. Sasscer visited Florida, inspecting Government 
plant introduction stations and looked after details of the enforcement of plant quar- 
antines. 


The work of the Sleeping Sickness Commission of the Royal Society having now 
terminated, Mr. W. F. Fiske and Dr. G. D. H. Carpenter are continuing their inves- 
tigations into the bionomics of Glossina in Uganda under the direction of the Imperial 
Bureau of Entomology. 
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Dr. W. A. Lamborn, late entomologist to the Department of Agriculture, Southern 
Nigeria, has been appointed travelling entomologist in East Africa, under the Imperial 
Bureau of Entomology, in place of Mr. S. A. Neave, and is engaged on Glossina work 
in Nyasaland. 


Mr. R.S. Leiby, for two and one-half years assistant in insect morphology at Cor- 
nell University, is now assistant state entomologist of North Carolina, with head- 
quarters at Raleigh, filling the position made vacant by the resignation of C. L. 
Metcalf, who is now at the Ohio State University. 


During January, Mr. Charles H. Popenoe, entomological assistant, Bureau of 
Entomology, was engaged at Laredo, Texas, in what is recognized as the principal 
onion-growing region of the South, in codperation with Mr. M. M. High, in testing 
a traction sprayer designed especially for onion fields. 


Mr. Fred A. Johnston, entomological assistant, Bureau of Entomology, will close 
the station representing this branch of the Bureau at Riverhead, Long Island, N. Y., 
and will establish a new station at Hart, Oceana County, Mich. One of the most im- 
portant economic projects will be the control of the pea aphis. 


Surgeon-General William C. Gorgas was awarded the Louis Livingston Seaman 
medal for progress and achievement in the promotion of hygiene and the mitigation 
of occupational disease, at the annual exercises of the American Museum of Safety 
held in New York on February 10.. Congress, before adjournment, promoted him 
to the rank of major-general in the medical department. 


A general conference was held on December 18, at Washington, to consider the 
danger of the introduction of the pink bollworm in the United States. The consensus 


of opinion expressed was that the present situation demands a quarantine against all 


foreign lint, with a provision for the importation of such cotton only in states outside 
of the cotton belt. It was also proposed that such southern mills as require foreign 
cottons be allowed to obtain it from stocks which have been in storage in northern 
localities for at least a year’s time. 


The Entomological Society of America elected, at the Philadelphia meeting, officers 
as follows: President, Vernon L. Kellogg, Leland Standford Junior University; first 
vice-president, J. S. Hine, Ohio State University; second vice-president, J. M. Aldrich, 
United States Bureau of Entomology; secretary-treasurer, Alex. D. MacGillivray, 
University of Illinois; temporary secretary for summer meeting, E. C. Van Dyke, 
University of California; additional members of the Executive Committee, C. T. 
Brues, Harvard University; W. A. Riley, Cornell University; T. D. A. Cockerell, 
University of Colorado; J. A. G. Rehn, Philadelphia Academy of Natural Sciences; 
A. L. Melander, Washington Agricultural College. 


The reports on experimentation and demonstration control work against the Den- 
droctonus beetles, carried on in the Yosemite National Park, Bureau of Entomology, 
in codperation with the Department of the Interior, with Entomological Ranger J. J. 
Sullivan as instructor on practical details, and on private lands of the McCloud River 
Lumber Company, north of Mt. Shasta, in California, with Entomological Ranger J. 
D. Riggs as instructor, show the following results: In the Yosemite Valley and vi- 
cinity, at an elevation of from 4,000 to 7,500 feet, 302 Dendroctonus infested trees 
were treated, consisting of yellow, Jeffrey, and sugar pine. The trees ranged in di- 
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ameter, breast high, from 12 to 68 inches, with an average of 31 inches. The average 
cost of felling, barking, and the necessary burning, was $2.57 per tree. In the 
Toulumne River and Tenaya Creek, drainage of the Yosemite Park, at an elevation 
of from 8,000 to 9,500 feet, 2,018 infested lodgepole pine trees, ranging in diameter 
from 14 to 52 inches, averaging 23.7 inches, were treated at an average cost of $1.13 
per tree for felling and burning the bark on the trunks sufficiently to kill the insect. 
_ Fifteen hundred and eighty-four infested trees were treated in this general area in 

1913. The total number of trees treated in the Valley and Park, during 1913 and 
1914, were 3,904, at a total cost for control work of $4,713.43, or an average of $1.21 
per tree. 


On the 17th and 18th of February the New Jersey Mosquito Extermination Associa- 
tion held its second annual meeting at Atlantic City, N. J. The program was opened 
by the president’s address and a symposium on the special problems which have had 
to be met in the practical work of mosquito control. Among the points new to mos- 
quito work it was shown that on shut-in, low-lying, sewage-charged salt marshes, the 
ordinary trenching was impotent to prevent mosquito breeding under unusual com- 
binations of tide, rainfall and cloudy weather. It was brought out that these diffi- 
cult conditions were to be met by dikes, tide gates and low-head centrifugal pumps. 

During the evening session Dr. L. O. Howard described the work of the Bureau of 
Entomology on the mosquito problems of the lower Mississippi Valley. He gave 
figures to show the great extent to which malaria reduces the profits of agriculture, 
through affecting the health of the laborers. He described the thorough and interest- 
ing fashion in which the study of malaria carriers is being pursued in that region. Dr. 
Jacob G. Lipman, director of the New Jersey Agricultural Experiment Station, 
discussed the value of mosquito work in relation to the agricultural and urban develop- 
ment of New Jersey. He showed how successful mosquito extermination could add 
two hundred million or more to taxable values. 

The morning session was opened by an account of the mosquito work in (eonnect: 
cut, given by Mr. B. H. Waldron. This paper was followed by an account of malaria 
in New Jersey, in the course of which Dr. A. Clark Hunt showed that the prevalence 
of malaria is much greater in certain local areas than is usually recognized. Dr. T. J. 
Headlee showed that, from the beginning of the mosquito extermination work to the 
year 1912, approximately $200,000 from all sources had been expended, $130,000 
of which had been contributed by the state and $70,000 by municipalities and private 
individuals. He showed that property values within the protected zone had increased 
by more than five and one-half millions of dollars and that one and one-half millions 
of people were relieved to a very noticeable extent from mosquito troubles. He 
showed that, beginning in the year 1912, the county as a mosquito fighting unit had 
developed to such an extent by 1914 that it was expending approximately $130,000 
a year and affording protection from all species of mosquitoes to one and one-fourth 
millions of people. 

Beginning in the evening and extending through the following forenoon addresses 
were presented from the standpoint of the legislator, the freeholder and the tax-payer, 
in the course of which it was clearly brought out that the people paying the bills were 
satisfied with the progress of the work. 

The following officers were elected: Dr. Ralph H. Hunt of East Orange, president; 
Dr. William E. Darnall of Atlantic City, vice-president; Dr. H. H. Brinkerhoff, 
of Jersey City, second vice-pr esses and Dr. Thomas J. Headlee of New Brunswick, 
secretary-treasurer. 


Mailed April 26, 1915. 
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FLIES WHICH CAUSE MYIASIS IN MAN AND ANIMALS—SOME 
ASPECTS OF THE PROBLEM 


By F. C. Bisuopp, Bureau of Entomology 4 
SomE Forms oF MYIASIS AND SPECIES OF FLIES CONCERNED 


For many years medical literature has contained reports on cases 
of myiasis of different kinds in man. It is impossible to say how long 
man and animals have been subject to the attack of fly larve. It is 
safe to conclude that the meat breeding habits of certain Sarcophagidee 
and Muscide have existed for many centuries, and although the habit 
of attacking living animals may have been developed later, there is in 
many cases no material difference between the infesting of dead and 
decaying tissue in a living animal and the infestation of carcasses. 
From this point it is but a short step to the development of the habit 
of feeding on healthy as well as dead and diseased tissue, and ultimately 
we find the forms which freely attack uninjured tissue requiring nothing 
but an external drop of blood to attract the fly and induce deposition. 
In the CGistride, or bot fly family, we find a more intimate and complete 
relationship to or dependency upon the host. The form of myiasis 
produced by this group of flies is quite different, of course, from that 
exhibited by the Sarcophagids and Muscids.? The flies are more 
specialized in habit and structure for parasitic life. This degree of 


1 Published by permission of the Chief of the Bureau of Entomology. 

2 Cordylobia, an African genus which has been considered to be a Calliphorine, 
has a habit somewhat similar to the bots. The larve of this group cause dermal 
myiasis in man and lower animals. In Africa we also find the Calliphorine flies 
of the genera Auchmeromyia and Chaeromyia, the larve of which have the peculiar 
habit of sucking blood from man and the lower animals. 
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specialization varies to some extent with the species. We see, for 
instance, an example of the most complete form of parasitism in the 
ox warbles of the genus Hypoderma; here the parasite has become 
highly dependent on the host, and confines attack largely to one host, 
the ox. The habit of the larve of migrating to the back of the host, 
where development is completed, and the fact that the larve seldom 
live if removed from the host a short time even before their normal 
emergence, probably indicates a closer relationship to the host than 
in the case of the horse bots or other members of the family. Although 
this is an exceedingly interesting group of flies it is not my purpose to 
dwell at length upon it, except to call attention to the occurrence of 
some of the varied forms of myiasis produced. 

The sheep bot (Zstris ovis) is primarily a pest of sheep yet we find 
that it attacks other animals and even man. Ed. and Et. Sargent! 
state that this fly attacks man in certain elevated regions in the Sahara 
where sheep are less numerous than people. ‘The eggs or larve are de- 
posited upon the conjunctival and nasal mucous membranes of man 
and cause much trouble from March to June. In this country no 
records have been made of myiasis in man produced by this species. 
It is fairly common in many parts of the United States, and the habit 
of the larve of passing up the nostrils and into the sinuses of sheep is 
well known. It is not usual for it to invade the tissues of the host 
but appears to subsist on the mucous secretions. 

The ox warble (Hypoderma lineata) is our most important species 
in the United States. Its near relative, H. bovis, has recently been 
found by Drs. Hadwen and Hewitt to have a wide range in Canada, 
and it is now probably within our northern border. Certain points 
in the biology of our species have not been definitely determined, and 
these are giving rise to considerable discussion. The entomologists 
in this country are inclined to the view that the larve gain access to 
the back of the bovine host by way of the cesophagus, while some 
European authorities believe the larve penetrate the skin along the 
back or migrate beneath the skin from the legs to the back. It is not 
my purpose to discuss the merits of the case. If it is true that the 
larve migrate from the cesophagus to the back, we have a case of a 
combined internal, transient myiasis followed by dermal myiasis. 
Cases of man being infested by larve of this genus are not rare. In 
some instances the larve move about beneath the skin until mature, 
while in other cases they have been recorded as developing at the root 
of the tongue or within the orb of the eye. 


11913. Sargent, Ed. and Et. La ‘‘Tamné,”’ myiase humaine des montagnes 
saharennes tonareg, identique a la ‘‘Thimni”’ des Kabyles, due 4 @séris ovis. Bull. 
Soc. Path. Exot., Paris, VI, pp. 487-488. 
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In this same family we have three or more species of horse bots with 
more or less different habits, but all attaching to the stomach or intes- 
tines of the host. These probably derive their food largely from the 
secretions of the mucous membranes and from the contents of the 
digestive tract. The exact relationship to the host is not known and 
it is important that the extent of injury to the host be carefully de- 
termined, as is being done in the case of Hypoderma by the German 
commission which has been studying that problem. 

Among the (stride we also find the species Dermatobia hominis, 
which is a common cause of dermal myiasis in man and a number of 
the lower animals in tropical America, and the members of the 
genera Cuterebra, Gi'demagena, Gedecelstia and Cephenomyia. None 
of these latter forms have been known to attack man. 

Comparatively little is known regarding the exact rdéle flies play in 
myiasis of the intestinal and urinal tracts. Numerous records have 
been published showing from one to several species in the following 
families to be concerned: Therevide, Syrphide, Muscide, An- 
thomyide and Sepside. In many instances rather serious distur- 
bances in man are due to the larve of these flies. No doubt many 
infestations pass unnoticed or produce only minor symptoms, the 
larve depending on the food of the host for sustenance, and thus 
producing no direct injury. The mode of infestation and the effects 
of the larve on the host deserve much more attention than has been 
accorded them. , 

I desire at this time, to deal particularly with the various species of 
flies, the larve of which infest man or animals in wounds or, as not in- 
frequently happens, attack inflamed or even entirely healthy parts. 
The species concerned are members of the families Muscide and 
Sarcophagide, as recognized by most of our American dipterists. 
In the United-States the forms which are most important in causing 
this form of myiasis are Chrysomyia macellaria, Lucilia sericata, L. 
cesar, Phormia regina, and one or two species of Sarcophaga. Possibly 
species of the genus Calliphora and Cynomyia are sometimes concerned. 
C. macellaria far outranks all others combined in importance. This 
species occurs in Mexico, the West Indies, Central America, and 
South America. In South America, Neiva and Gomes de Faria! 
have shown that Sarcophaga pyophila is responsible for some cases, at 
least, of human myiasis. “These authors? also state that S. lambens 
is known to cause human myiasis in Brazil. In Hawaii, Van Dine 


11913. Neiva, A. and Gomes de Faria. Notal sobre um caso de miiase humana 
ocasionada por larvas de Sarcophaga pyophila n. sp. Memorias do Oswaldo Cruz, 
Tomo V, Fasc. 1, pp. 16-22. 

‘albid. p. 18. 
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and Norgaard! state that Calliphora dux Esch. during some seasons 
causes heavy losses among sheep by attacking scars caused by sheep 
scab and by blowing soiled wool, from which the larve ultimately 
work into the flesh. In Australia the losses to sheep raisers due to 
related species of flies have been enormous. Professor Froggatt has 
studied the various forms concerned and has published a number of 
papers dealing with the pests. The most important of these was 
published in 1913.2 Asa result of his investigations Professor Froggatt 
found that three species of blow flies indigenous to Australia are re- 
sponsible for the infestation of sheep. These are Calliphora oceanie, 
C. villosa, C. rufifacies. Although the common green-bottle flies, 
Lucilia sericata and L. cesar, occur commonly in Australia, these 
species have not been bred from soiled wool in that country. In 
Great Britian, and parts of continental Europe, these species, espe- 
cially L. sericata, are commonly known as the sheep maggot flies, being 
responsible for the blowing of wool there. In southern Russia it 
appears that the fly, Wohlfahrtia magnifica, is the principal culprit in 
connection with this type of injury to sheep. Portchinsky® states that 
this species, which is viviparous, is very annoying and dangerous 
to sheep. ‘Twenty-five per cent or more of the sheep are infested an- 
nually by its larve. Sarcophaga ruficornis is one of the flies which 
produces severe forms of myiasis in India. 


3 ec 
a 
IMPORTANCE OF MUSCIDS AND SARCOPHAGIDS WHICH CAUSE MYIASIS 
IN Man AND ANIMALS IN THE UNITED STATES 


RELATIONSHIP TO SLAUGHTERHOUSE AND OTHER Foop Propucts.— 
As has been stated, a number of species of flies are concerned in the 
production of myiasis in man and animals. Of these, Chrysomyza macel- 
laria is by far the most important. Aside from the causation of myiasis, 
the flies of this group are of considerable importance. They all have 
the habit of visiting carcasses and other decaying animal and vegeta- 
ble matter, and are likewise rather strongly attracted to blood and 
fresh meat, as well as cooked meat and other good products. In parts 
of the south, in particular, these flies are a veritable pest about slaugh- 


11908. Van Dine, D. L. and Norgaard, V. A. Abstract of a preliminary report 
on insects affecting live stock in Hawaii. Proc. Hawaiian Live Stock Breeders’ 
Association, Fifth Annual Meeting, 1907, pp. 19-70. 

21913. Froggatt, W. W. and Cooper, W. F. The sheep maggot fly pest in 
Australia, pp. 88, figs. 15. The Cooper laboratory for economic research, Watford, 
England. 

31913. Portchinsky, A. [Memoirs of the Bureau of Entomology of the Scien- 
tific Committee of the Central Board of Land Administration and Agriculture.] 
Vol. 9, No. 5, pp. 30, figs. 23. St. Petersburg. 
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terhouses. The small country plants which are not under the super- 
vision of the government inspection service are especially prone to 
this condition. In most of these slaughterhouses the offal is left in the 
yard immediately adioining the killing pens or is fed to hogs. Usually 
the hogs are not numerous enough to consume all of the offal, so that 
in either case a great number of these meat-infesting species are bred 
out. Under favorable seasonal conditions swarms of thousands of 
flies are present about the building, and as soon as an animal is skinned 
they begin feasting on the blood and the fresh carcass. If extreme 
vigilance is not exercised, the carcass is often blown in a short time 
after killing, and in some cases the eggs hatch and the larve begin to 
penetrate the meat. The meat-breeding flies are not the only species 
which visit food products in slaughterhouses. The house-fly is often 
present in great numbers and may contaminate meats with its feet 
and excrement, although it does not deposit eggs in such situations. 

Knowing the filthy habits of the flies, we cannot help but look upon 
them as dangerous when allowed free access to food products. It has 
been shown by several investigators that various bacteria may pass 
through the alimentary tract of flies without destruction. Of course, 
where meat is well cooked probably these germs are all killed. On 
the other hand such food products as cooked meats, sausages, etc., 
which are usually consumed without further cooking, may be con- 
taminated with all sorts of germs as well as fecal matter and other 
filth. Certainly, where flies have free access to carcasses, as 18 com- 
monly permitted in many places, the bacteria of decay are introduced 
and the meat has its keeping qualities impaired. As has been pointed 
out recently in an Australian journal,! several advantages accrue from 
careful protection of meat from flies. In this instance the largest 
firm of butchers in Auckland began using screens for the protection 
of their meat. This resulted in a saving due to the prevention of 
trimming necessary when the meat is blown, improved the keeping 
quality of the meat, increased sales, and lessened the quantity of ice 
needed. In fact, they found the practice so advantageous they ex- 
tended the screening system to all of their branches. 

Although our butchershops in the towns and cities by no means 
furnish the best conditions as regards flies, they are incomparably 
better than the conditions often encountered at the small abattoirs. 
A careful inspection of such plants and the enforcement of sanitary 
regulations should be a part of the duty of every health officer. 

Injury AND Losszs Dur To Mytasis.—tThe flies of this group appear 
to be of little importance as causes of intestinal myiasis. A few cases 


11913. The protection of meat from flies. Australian Medical Gazette, Sydney, 
Vol. XXXTIJI, No. 18, May 3. : 
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have been observed where live stock have become infested with the 
screw worm (C. macellaria) in the stomach. These infestations were. 
probably derived from licking wounds where eggs of the fly had been 
deposited, thus conveying the ova or young larve into the stomach 
where they penetrate the tissues. Considering the frequency with 
which animals lick infested wounds, it is remarkable that more evidence 
of internal attack is not at hand. 

The habit of flies of attacking man is well known in the United States. 
Numerous cases have been reported by physicians and entomologists. 
Nearly all of these have been accredited to C. macellaria, although 
other species are no doubt responsible for part of them. In the south- 
western states our investigations show that the infestation of man by 
fly larve is common. Cases of nasal or auricular myiasis have been 
well described in literature, so that further details are unnecessary. 
We have found, however, that the occurrence of larve in various parts 
of the body of man is not at all uncommon. The infested lesions on 
the surface of the body are much more easily freed from maggots than 
when these occur in the nasal or auricular regions, hence these cases 
have received little attention. Although infestations in cavities of 
the head formerly led to death or serious disfigurement, a better 
understanding of the pest has permitted physicians to treat such cases 
more successfully in recent years. Even now, however, death oc- 
casionally results from this cause. | , 

Among live stock, myiasis is of most importance on the large ranches 
in west Texas, New Mexico, and Arizona. As has been stated, this 
loss is largely chargeable to the screw worm, C. macellaria. During 
early spring, however, there is considerable trouble among sheep on 
the ranches in west Texas, apparently due to the two species of Lucilia. 
This injury is of a different type from that caused by the screw worm. 
The soiled wool of ewes is infested at lambing time and, if not destroyed, 
the larve ultimately penetrate into the flesh and cause the death of the 
host. In treating cases it is often necessary to sheer a large portion of 
the sheep. The destruction of wool, together with the time occupied 
in treatment, to say nothing of the actual death of sheep, is a source of 
much loss among sheep-raisers. 

During the winter months, especially when mild days occur follow- 
ing dehorning, castration and branding, infestation of resulting wounds 
by larve of Phormia regina is not uncommon. The infestation of 
heads of animals following dehorning is the most serious, and when not 
promptly treated frequently results in the death of the host. Possibly 
other species than P. regina are concerned in these winter infestations. 

Our investigations indicate that nearly all of the cases of myiasis in 
animals during the summer and fall months are due to C. macellaria. 
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The damage chargeable to this species is of many classes. In certain 
sections of the southwest stockmen have found it unprofitable to keep 
breeding cattle on account of the heavy loss due to this pest at calving 
time. In these sections the stockmen depend mainly for replenishment 
of their herds upon purchase of yearlings. In nearly all of the cattle 
country of the southwest, the screw worm has had the effect of causing 
stockmen to reduce the size of their herds, especially during the fly 
season, in order that they may watch more closely the animals. and 
promptly care for infestations. Under these conditions the actual 
death loss is not great although throughout the entire region the num- 
ber of cattle actually killed by the screw worm must number well into 
the hundreds. Where animals become heavily infested with screw 
worms they have a tendency to penetrate thickets and are thus not 
found by the stockmen, and death usually results very shortly due to 
the extensive destruction of tissue by the larve or septicemia as a 
result of their presence. } 

Another important source of loss is the expense incurred by watch- 
ing the herds and treating infested animals. Most of the pastures in 
the southwestern country are of great extent, many of them containing 
several thousand acres, and the promptness of treatment demanded 
necessitates the employment of a number of men to continually ride 
the pastures and treat the infested animals. The summer of 1913 
was a year of especially great screw worm abundance and a large per- 
centage of the stockmen found it necessary to employ extra help in 
order to prevent heavy death losses from infestations. During this 
season the percentage of infested animals in a herd ranged from ten to 
one hundred. In a number of instances from three to ten men were 
kept continuously busy on this line of work from May to November. 
To this we must add the expense of materials used in treating the 
infested animals. Chloroform is the most generally used, and I am 
informed by dealers that their sales of this material alone often. reach 
five hundred dollars during one season. Individual owners of cattle 
sometimes spend several hundred dollars for chloroform, creosote 
products, pine tar, and other screw worm remedies. 

SOURCE OF INFESTATION.—The screw worm, C. macellaria, has de- 
veloped a very marked tendency to attack living animals although it 
breeds in great numbers in carcasses. This frequently gives rise to 
infestation of an animal on the least provocation. Years when the flies 
are very numerous, practically every scratch becomes a site for screw 
worm entrance. These may be made by brush, barbed wire, or the horns 
of other animals. On account of the frequency with which wounds are 
attacked the stockmen usually do not mark or brand live stock after 
May first or before November first. In this way they avoid muchtrouble. 
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Even when branding is done during late spring or early fall the mag- 
gots frequently infest the injured area. Dehorning and castration are 
almost invariably done during the winter months to avoid screw worm 
attack. Any animal giving birth to young during summer months is ~ 
likely to become infested and the offspring is frequently attacked at the 
navel. Calves often get blown in their mouths, causing the loss of 
their teeth. Practically all animals are attacked but cattle are prob- 
ably most susceptible. Infestation in hogs is usually seen in their ears 
as a result of wounds due to fighting. In the case of sheep, goats and 
dogs, infestation may occur on any portion of the body where injury 
is sustained. This species does not deposit on soiled wool but is 
strongly attracted to blood. 

Another frequent source of infestation results from the presence of 
the cattle tick or other species, and live stock attacked by large numbers 
of horn flies, stable flies or Tabanids invariably develop cases of screw 
worms. Heavy infestations of ticks produce skin lesions, and when 
screw worm flies are numerous they frequently blow spots where a tick 
has been crushed, the larve penetrating through the skin. The large 
number of cases of screw worm infestations developing from the pres- 
ence of ticks has caused an increased desire on the part of stockmen 
in many sections to eradicate the tick, and by this means lessen the 
injury by the screw worm. 

RELATIONSHIP OF MrEat INFESTING FLIES TO DISEASE TRANSMIS- 
SION.—This question has been briefly touched upon under the discus- 
sion of slaughterhouse conditions. It is a question which has received 
little attention but is deserving of more extended investigation. It 
seems certain that there is some connection between the carcass-infest- 
ing flies and the so-called limberneck in chickens. Chickens have been 
observed to become partially paralyzed and frequently to die from the 
eating of maggots and decaying animal matter. We now have investi- 
gations under way to determine the relationship existing between the 
maggots and this disease. Dr. E. W. Saunders, of St. Louis, believes 
that there is some connection between limberneck in fowls and poliomye- 
litis in man, and that certain species of blow flies are responsible for 
the transmission of the disease. He has recently published! the results 
of some experiments along this line. 

During the last two years rather severe outbreaks of anthrax have 
occurred among live stock in Texas. Observations on the habits 
of the meat-infesting flies, particularly C. macellaria, in connection 
with these outbreaks, certainly suggest the possibilty of the transmis- 
sion of this disease by them. Carcasses of animals which have suc- 
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cumbed to the disease are soon covered with swarms of flies which feed 
upon the excreta, blood, etc., and then pass to wounds on other animals 
where infection may be produced by bacilli carried on the legs and 
body or by regurgitation of the germ-laden food or possibly by excre- 
ment. . Thousands of flies develop in the carcasses where they are 
not properly disposed of and there is a strong probability of the result- 
ing flies being capable of conveying the virulent organisms to healthy 
animals. 


SUMMARY OF LIFE-HISTORY AND SEASONAL HISTORY OF SOME OF THE 
SPECIES OF FLIES WHICH PRODUCE EXTERNAL MYIASIS IN THE 
UNITED STATES. 


Mr. E. W. Laake, working under my general direction, at Dallas, 
Texas, is responsible for most of the notes on the life-histories from 
which the following summaries have been made. Work along similar 
lines was conducted by Mr. J. D. Mitchell at Victoria, Texas, and 
by Mr. D. C. Parman at Uvalde, Texas. 

Chrysomyia macellaria.—The method of wintering of this species has 
not been definitely determined. In our hibernation experiments with 
adults and immature stages we have been unable to carry the species 
through the winter. This, and other points, indicates that the species 
normally dies out in the winter except possibly in the extreme southern 
portion of the United States, and in the tropics, and the reinfestation of 
the country progresses as the season advances. The species appears 
shortly after settled warm weather begins in the spring and the number 
usually increases until frosts in the fall. Often a partial checking of 
the ravages of the species occurs in midsummer, especially when the 
weather is hot and dry. The first infestations of live stock are found 
usually in May, and September and October are as a rule the months of 
greatest injury. In western Texas, where the rainfall is normally 
small, the years with abnormally heavy rainfall are generally the most 
productive of screw worm infestations. 

The period from emergence of adult flies to deposition of eggs ranges, 
as observed by us, from three to eighteen days. As many as eight 
consecutive depositions by one fly have been observed to take place, 
the period between depositions being from one to seven days. Under 
the best conditions it seems that the depositions may occur at inter- 
vals of two to four days. The number of eggs deposited in one batch 
appears to vary from forty to two hundred forty-eight, and the greatest 
number recorded from one female was twelve hundred twenty-eight. 
The larve hatch within a few hours. Pupation occurs from six to 
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twenty days later and the pupal period ranges from three to twenty- 
seven days. The total developmental period from egg to adult has been 
found to vary from nine to thirty-nine days. None of these records 
were made on infestations in living animals. Breeding proceeds con- 
tinuously throughout the summer, and no doubt from ten to fourteen 
broods are produced in one season in southern Texas. Considering the 
reproductive capacity of this species it is not surprising to note the 
millions of flies present about decaying animal matter in mid-summer. 
By rather careful estimation we judge that a single carcass may pro- 
duce upwards of a million flies of this species. 

We have observed a very marked tendency of this fly to breed in 
animals which have died recently rather than in old carcasses. This 
habit probably is related to that of the species depositing in living 
animals. Although some observers have found this species commonly 
deposits living young in the more northern latitudes, we have failed 
to observe this phenomenon in connection with our work. This species 
occurs normally in all sorts of situations in the Southwest, but we have 
observed a marked tendency for it to be found in great numbers far 
from any habitation. In such situations often no other species of 
meat-infesting flies is to be seen, while in cities the two species of 
Lucilia often outnumber the one under discussion. 

Lucilia sericata.—Our experiments indicate that this species nor- 
mally passes the winter in the larval and pupal stages. It is usually 
seen flying about or breeding early in the spring before Chrysomyia 
macellaria has appeared. Breeding takes place in decaying animal 
matter, although the adult flies are often seen frequenting all sorts of 
places in search of food. The first oviposition occurs, in summer time, 
within five to nine days after the adults emerge from the puparia. 
The incubation period varies greatly with the temperature. In sum- 
mer, hatching takes place in less than twenty-four hours while in 
autumn we have a record of seven days. Pupz are formed in three to | 
nine days after hatching, and adults emerge within three to thirteen 
days after pupation. The developmental period, from egg to the emer- 
gence of the adult, ranges from nine to twenty-one days. These 
records were made during comparatively warm weather. 

Lucilia cesar.—This species, like the one just discussed, winters in 
the larval and pupal stages, the adults appearing on the first warm days 
of spring or even during warm periods in mid-winter. We have ob- 
served a preoviposition period in this species of six to twenty days. 
The eggs usually hatch in less than twenty-four hours, the larve _ 
begin migrating from the food two to five days later. Pup are formed 
three to twelve days after hatching. The pupal period ranges from 
five to sixteen days and the total developmental period from eleven to 
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twenty-four days. These records were also made when the tempera- 
tures were comparatively high. When low temperatures prevail often 
the prepupal stage may be greatly delayed, sometimes lasting for 
several weeks. 

Phormia regina.—This is the common black blow fly which is seen 
entering houses, cellars, etc., during the cool days in late fall and early 
spring. It appears that this species is much better adapted to cool 
climates than those previously discussed. In fact, in the southern 
states this form practically disappears with the coming of hot weather, 
and is not seen again until the cooler days of autumn. At the lati- 
tude of Dallas, specimens of this fly have been observed frequently 
in mid-winter resting in sunny places. This species, like the others, is 
largely a carrion feeder and after the appearance of cool weather in 
the fall it largely supplants Chrysomyia and the Lucilias as a scav- 
enger, continuing to breed throughout winter. 

The adults begin depositing in seven to eighteen days after escaping 
from the puparia. The egg stage varies much with the temperature, 
ranging from less than twenty-four hours up to nearly four days, as 
recorded by us. The duration of the larval stage is from four to fifteen 
days, the pupal stage from three to thirteen days, and the total de- 
velopmental period ten to twenty-five days. 

Calliphora erythrocephala.—This species is not abundant in Texas, 
but is fairly numerous in the eastern part of the state. The flies of 
this species were observed by us to begin depositing eggs in twelve to 
seventeen days after emergence. The incubation period is twenty- 
four hours, and the larve begin to migrate from the food three or four 
days after hatching. The pupal stage lasts from seven to nine days. 
The time from deposition of eggs to the emergence of adults ranges 
from fifteen to twenty days. 

Cynomyia cadaverina.—This is the large blue bottle fly which 
in association with Phormia regina, appears in Texas after the heat 
of summer has passed. It is notorious as a frequenter of pantries and 
cellars where it avails itself of every opportunity to deposit eggs on 
food products of an animal origin. It is not averse to depositing on 
smoked meat, although uncured meat, especially if cooked or becom- 
ing rancid, seems to be preferred. The first eggs are deposited from 
seven to twenty days after emergence of the adult; these hatch in one 
or two days and the larve, which are ravenous feeders, begin entering 
the soil three to five days later. Puparia are formed five to thirty- 
nine days after the larve hatch, and the duration of the pupal stage 
ranges from six to fifty-eight days, as shown by our tests. The time 
occupied for the complete development of the insect, from egg to 
adult, ranges from thirteen to ninety-nine days. 
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SUMMARY OF CoNTROL MEASURES SUGGESTED 


The fact that carrion breeding flies have been looked upon largely 
as beneficial insects on account>ef their habits as scavengers and the 
failure to associate in the minds of ordinary individuals, these scaven- 
ger flies and the flies which infest living animals and food, it is rather 
difficult to secure the adoption of remedial measures based upon the 
prevention of fly breeding in decaying animal matter. Nevertheless, 
this is the key to the whole system of control. The presence of screw 
worms in the southwest has come to be looked upon by stockmen as a 
necessary evil and year after year they continue to practice the treat- 
ment of infested animals without giving any attention to the sources 
from which the myriads of flies come. 

The appearance of anthrax or charbon among herds in portions of 
Texas has, under the laws, compelled the destruction of animals dying 
from this disease. Many stockmen have, out of fear of the malady, 
proceeded to burn all dead animals, and this has had a salutory effect. 
on the screw worm situation in some sections. Destruction by burning 
is the preferred method of disposing of carrion. In many cases, how- 
ever, this work is not thoroughly done and the partially consumed 
carcass continues to breed out flies. An objection to this method of 
disposing of animal matter is that in some sections wood is very scarce, 
hence the burning is rather costly. Crude oil or kerosene may be 
largely substituted for wood in such cases. Other objections to the 
feasibility of the destruction of carcasses on the large ranches in west 
Texas are the difficulty of finding the dead animals until at least one 
brood of flies has been produced and the fact that carcasses of wild 
animals may also breed considerable numbers of flies, but these do 
not nearly offset the protection derived from the consistent destruc- 
tion of animals which are promptly located after death. It appears 
that where Chrysomyia and other species are prevented from increasing 
to great numbers, the chances of living animals being attacked are 
almost negligible. ; 

Second to the burning of carcasses comes burying. Our experi- 
ments indicate that it is necessary to cover a dead animal, which has 
become infested with maggots, to a depth of at least two feet in order’ 
to prevent the completion of development and the emergence of flies. 
If animals are buried before they become infested this depth may be 
greatly reduced, as a few inches of soil well packed over a carcass will 
prevent adult flies or their offsprings from reaching it. 

In order to prevent infestation of man or animals, protection of 
wounds from the flies is essential. Man, especially when subject to 
chronic catarrh, should not sleep in the open without protection by a fly 
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net, hospitals should be carefully screened, and wounded animals may 
be placed in screened stalls or have the wounds treated with pine tar 
or other repellent substances. As has been said, infestation of wounds 
which are produced by branding, dehorning, etc., may be prevented 
by arranging to do this work during winter. If possible, even in winter 
it is well to choose a period when the weather is cool. The prevention 
of infestation of sheep at lambing time may be accomplished to some 
extent by lambing as early in the spring as feasible without danger of 
severe storms. Of course the careful surveillance of all live stock dur- 
ing the fly season is imperative. 

The methods of treating infested animals, as now practiced by stock- 
men, seem to be fairly satisfactory. Of the larve destroyers, chloro- 
form is best as it has great penetrating power. Pine tar is one of the 
best substances to place on the wound to prevent further infestation 
after the larve have been destroyed. Certain mixtures, many of which — 
contain carbon bisulphid, are being put up and sold by druggists for 
the purpose of destroying the larve and at the same time preventing 
reinfestation. The fact that carbon bisulphid is somewhat attractive | 
to the adult flies renders the use of this substance inadvisable. 

The careful disposal of slaughterhouse offal by burning or deep 
burying, the screening of abattoirs, and the use of screens wherever 
animal food products are kept, will largely prevent the contamination 
of these articles by the various blow flies. In cities the complete 
disposal of garbage with incinerators is desirable. 

The relationship to this group of flies of certain mammals and birds 
which act as scavengers is a subject of much interest and importance, 
but space will not permit of its discussion here. We have also found 
that climatic conditions may be important in controlling this class of 
flies. The sun often destroys a large percentage of the maggots de- 
veloping on a carcass. Where dead animals are not burned or 
buried it is important to leave them in open places exposed to the sun 
rather than in the shade of thickets, as is commonly practiced. 


KEROSENE TRAPS AS A MEANS OF CHECKING UP THE 
EFFECTIVENESS OF A POISONED BAIT SPRAY TO CON- 
TROL THE MEDITERRANEAN FRUIT-FLY (CERATITIS 
CAPITATA WIED.) WITH A RECORD OF BENEFICIAL 
INSECTS CAPTURED IN THE KEROSENE. 


By Henry H. P. Severin, Pu.D., and Harry C. Srverin, M.A. 


Italian, French and South African entomologists gave striking 
demonstrations of the effectiveness of the poisoned bait spray in the 
control of different species of Trypetidz, and all obtained a great 
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reduction of infested fruit on those trees that were sprayed. Mally* 
in 1909, gave a decisive demonstration of the success of this remedy 
to combat the Mediterranean fruit-fly under South African conditions. 
‘““A severe outbreak of the pest in a commercial peach orchard was 
brought to a sudden and practically complete halt, and the fruit 
maturing later was marketed under the guarantee of freedom from 
maggots, . . . while that of untreated trees a few hundred yards 
away increased until practically every fruit was involved.” 

In a series of experiments on the use of petroleum, vegetable and 
animal oils to trap the Mediterranean fruit-flies, we found that ordi- 
nary kerosene (about 120° Bé.) captured more fruit-flies than any of 
the other oils, with the possible exception of distillate (about 48° Bé). 
As distillate is too volatile for practical purposes it was decided to use 
traps containing kerosene as:a means of checking up the effectiveness 
of a poisoned bait spray employed in the control of the RESUS TE DaE a 
fruit-fly. 

When the Mediterranean fruit-flies issue from the pups, the eggs 
are undeveloped and the adults require from ten to twelve days before 
the egg-laying period begins. This period may be termed a feeding 
period and during this time the flies subsist on the waxy coating of 
fruit, juices of injured fruit on the trees or infested, fallen fruit on the 
eround. Our attention was also called to the fact that the Mediter- 
ranean fruit-fly feeds upon flowers of a chrysanthemum imported from 
Japan, but the pest was not attracted to these flowers in any great 
abundance. After a rain the fruit-flies were frequently seen lapping 
up droplets of water on the leaves. In captivity the flies show a 
fondness for diluted molasses and they would feed on this liquid until 
their abdomens became greatly distended. The greediness of the 
adults for sweets is the weak point in the life history of the pest and 
explains why the sweetened, poisoned sprays are so effective in the 
control of this insect. After the eggs are fully developed in the ovaries, 
the insect is seized by a reproductive stimulus and then not only seeks 
a suitable medium in which to deposit its eggs but also continues to 
search for food. This period, which may be called a reproductive and 
feeding period, commences at the time the eggs are fully developed and 
continues until the last egg is deposited. 

In our work the poisoned bait was prepared according to the follow- 
ing formula, which is slightly modified from that recommended by 
Mally: 

Brown SUpary Sipe So aed hee epee SIS eect ee 23 |b. 


Arsenate of dedi aoa ne ies ae eta aie BN Tan te ena oa Spey OVA: 
Waterers tio 4 S00 ak. Soils 6 Aare eae ears: Ea ape rene “ale nee ee Ean 4 gal. 
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The solution was prepared by dissolving the brown sugar through a 
cheese-cloth bag in cold water so as to strain out all foreign material 
including ants, which in the Hawaiian Islands frequently gnaw through 
the paper sacks containing the sugar. The mixture was thoroughly 
agitated by pumping the liquid back upon itself with a common, 
garden, brass spray-pump. This pump was provided with a rose 
sprinkler nozzle which throws a mist-like spray (PI. 13). 

To determine the effectiveness of the poisoned bait spray as a means 
of controlling the Mediterranean fruit-fly under Hawaiian conditions 
the following plan of procedure was adopted. For a period of five 
weeks, ten kerosene traps were wired to the branches of citrus trees 
of an orchard containing about four hundred orange, lemon, grape- 
fruit, banana, fig, guava, papaia, peach, pear, pepper, plum and mango 
trees. No spray was applied to any of the trees and vegetation in the 
orchard during this period and exact data were kept concerning the 
number of fruit-flies and beneficial insects found dead in the oil traps. 
During the following five weeks, the poisoned bait was sprayed once 
a week upon all of the fruit-bearing trees and again a record was kept 
of all the Mediterranean fruit-flies and beneficial insects captured in 
the traps. A comparison of the number of fruit-flies caught in the 
kerosene traps before, during and after spraying would test the value 
of the fruit-fly remedy. 

The following table shows the number of male and female fruit- 
flies which were captured in the oil traps at intervals of from two to 
four days for a period of five weeks before spraying: 


TABLE I 


NUMBER OF MALE AND FEMALE MEDITERRANEAN FRvuIT-FLIES CAPTURED IN TEN 
KEROSENE TRAPs AT INTERVALS OF Two To FourR Days FoR A PERIOD OF FIVE 
WEEKs BEFORE SPRAYING 


of 2 
Mreimee S09 tWOGAYS, CALCN 6 3.622 elec eaye ee elec eee ce 683 2 
ieee twOrd ays "Gabel. 22 0 sielcu-0 cleo tele a bs eee ee one fe 631 0 
MriemiZlaxtwo days Catch... lke. kd ce sia os oe es 454 0 
epee WG TCE CaS) MCALCI so. 0/87. diane be co ba 's ass Ces els 734 3 
Oct. 1/—20y four days’ catch. ........-... VA NAN hI Te! A 1,090 1 
Cetera foun days \CALCH 2 os, aad es ells wie fs oh ew edie o's 1,150 0 
Drie, HOUMA S eCALCI I. ss OF bk « Stiics apace ee vee Ske 1,622 6 
Siero Nov. le tour days catch. ws fo. 5 5 ies stesso ee ee 986 3 
igure 2. Unrec days Cate’ .0 0 aie lek eae haley sce es 951 2 
oven oe UnhCetGayse CAUCM: 8 sy ..y2 ecb his eeeabsliecs vse 491 7 
Moves toundays’ catchy ccet are ee eee ee 1,411 Wy 
Simi i yA tVeNdayS CAUEM S20.) ye adc echoes ele oert 10,203 36 

36 


10,239 Total 
291 males captured per day. 
1 female captured per day. 


Average | 
| 292 Total. 
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From this table it is readily seen that kerosene used in traps as a 
control for the Mediterranean fruit-fly is entirely out of the question, 
for the number of fruit-flies captured during the last four days is not 
smaller than the number caught during the first four days. Further- 
more, of the 10,239 flies captured, only 36 were females, the remainder 
being males. And again, at the end of the fifth week almost every 
ripe orange was ‘‘stung”’ by the pest. 

During the next five weeks the fruit-fly spray was applied to all of 
the fruit-bearing trees, about once a week, under the most unfavorable 
weather conditions. The applications of the spray were made during 
the rainy season and since this orchard is situated on the outskirts of 
Honolulu in Manoa Valley where rains are more frequent than in the 
city itself, the effectiveness of the poisoned bait was to receive a most 
thorough test. The rains were so frequent in this valley that the 
spray rarely remained on the leaves of the trees more than a day or 
two at the most and in one instance only a few hours before a rain fell. 
Hundreds of fruit-flies were present in this orchard before the applica- 
tion of the first spray and at this time it was an easy matter to capture 
several hundred specimens in an hour by sweeping with an insect net 
among the orange trees. This orchard was not isolated but was adja- 
cent to a very much neglected orchard which was also teeming with 
the pest. Horticultural sanitation was not rigidly practiced through- 
out this entire experiment. All fallen, infested, citrus fruits, however, 
were collected daily and thrown into a barrel containing water, but 
since the larve of the pest are able to live for several days in fruit 
submerged in water, the fruit was removed from the barrel from time 
to time and burned. The wind breaks of this orchard consisted of 
high guava trees but very little of the fallen fruit from these trees was 
destroyed although the same was infested. Papaias, plums and 
tomatoes were allowed to decay on the ground. The following table 
shows the number of fruit-flies which were captured in the traps during 
and after spraying: 

TABLE II 


NuMBER OF MALE AND FEMALE MEDITERRANEAN, FrRuit-Fiies CAPTURED IN TEN 
KEROSENE TRAPS AT INTERVALS OF Two TO FIvE Days FoR A PERIOD OF FIVE 
WEEKs DuRING AND AFTER SPRAYING 


of 2 

After first spraying, Nov. 12-14, three days’ catch.................-. ol 2 
After first spraying, Nov. 15-17, three days’ ‘catch. ...... +23) 2225255: 40 0 
Six days’ catch..4 7400 eae ee 91 2 
After second spraying, Nov. 18-21, four days’ catch................. 12 1 
After second spraying, Nov. 22-23, two days’ catch................. 0 1 
After second spraying, Nov. 24-26, three days’ catch................ 8 0 
Nine days’ cateh su.°s.:30-. 0s oe ee ee 20 2 
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Becerra spraying Nov. 2/—30, four days’ catch... . 0... ......4....: 2 2 
Muceamird spraying Dec. l— 3, three days’ catch...-.............. 0 0 
SETSLD CA SUICEUIG 0 iar eer ne ee Lhe ee eengar te LA Bee 2 De 
Maertourth spraying, Dec. 4—5, two days’ catch............:...5: ae 1 0 
"Aiter fourth spraying, Dec. 6-10, five days’ catch............... EAs to) it 
“S°PETE LISS CCI ee a ts ee eg RS ee aD ee) SP area 26 1 
After fifth spraying, Dec. 11-13, three days’ catch................ i Mal 2) 0 
After fifth spraying, Dec. 14-16, three days’ catch.................. 1 i 
SIS CERISE er a pe et Met te ea Hee hae 35 1 
SMEG EME DVIS CALCH cx. ct Mid onticatea fi feck Be a sod ea ee a mise actin 174 8 
8 
182 Total 
emacs {5 males captured per day. 


\ 1 female captured in about every 4 days. 


A comparison of Tables I and II shows that there were 10,239 fruit- 
flies captured before spraying and only 182 during and after spraying, 
a reduction, therefore, of 10,057 specimens. Of the 182 Mediterra- 
nean fruit-flies captured during and after spraying, 93 were caught 
during the first six days, and 89 during the following twenty-nine 
days. After the application of five sprays, it usually required a thor- 
ough search to find an infested orange in the orchard, whereas before 
spraying, almost every ripe orange had been ‘‘stung’’ by the pest. 
See plate 14. 

For a period of five weeks after December 16, no spray was applied 
to any of the trees in the orchard where the previous work was done 
but the ten kerosene traps were still kept wired to the same citrus 
trees. The following table shows the number of fruit-flies taken in 
these traps during this time: 


APAISIOIO, IOOL 
INCREASE IN THE NUMBER OF MEDITERRANEAN FRuIT-FLIES CAPTURED IN TEN 
KEROSENE TRAPS FOR A PERIOD OF FiIvE WEEKS AFTER SPRAYING Was Dis- 
CONTINUED 


cS g 

Wee Ow. tour days catch ii oe, os le ea 23 0 
Weer Toumdays "Catchy vos iy sion ale os le eed oe 46 0 
eee io unter days Cabell. 284 cb ie oo ee a 37 0 
Wee so Our days Gabel, tse ee ee le 1 85 0 
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ateenley le tOUl Gays, Cates. oe onc.) atthe Mae Rela Oe 97 0 
eas Ae TOUT GAYS PCALCM his nce heroes. ee Nee 134 0 
si liitinetiVieT ayer CaLehiny au 8. cc ues Sec een. ey 665 i 

1 
666 Total 


{19 males captured per day. 


Average \ 1 female captured in 30 days. 
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A comparison of Tables II and III shows that the Mediterranean 
fruit-flies had again increased in numbers during the five weeks in 
which no spray was applied to the fruit trees. An examination of the 
fruit trees of this orchard after these five weeks had elapsed showed 
that some of the fruit had again been ‘“‘stung.’”’ Trapping the pest 
with kerosene was continued in this orchard in connection with other 
experiments, and fifteen weeks after spraying was discontinued, 642 
fruit-flies were captured in three days in the ten traps, or an average 
of 214 per day. 

The gradual increase in the number of Mediterranean fruit-flies in 
this orchard after spraying was discontinued may be attributed to a 
number of causes: (1) horticultural sanitation was not rigidly prac- 
ticed and many trypetids emerged from the fallen, infested fruit; (2) 
this orchard was not isolated but was adjacent to a very much neg- 
lected orchard from which probably many flies migrated; and (3) 
fruit-flies breeding in the wild fruits, covering thousands and thousands 
of acres in the mountainous districts, were probably caught up by the 
winds and carried into this orchard. We°® have published the results 
of an experiment on the flight of two thousand marked, male, Mediter- 
ranean fruit-flies and have demonstrated that marked specimens, set 
free from the side of a mountain at an elevation of 350 feet, were 
carried by the prevailing winds. Some of these marked insects were 
captured in kerosene traps in this orchard, a mile es the point of 
liberation. 

After taking Weinland, Gancerne s representative stationed in 
Honolulu, into an orchard and showing him our methods of checking 
up the effectiveness of the poisoned bait spray by means of kerosene ' 
traps and the results obtained, this entomologist carried on a similar 
experiment in a residential section of Honolulu. Weinland ° sprayed 
only the low host trees, for with the apparatus at hand “it was impos- 
sible to spray higher than ten feet.’ He plotted a curve in checking 
up the efficiency of the spray with the use of kerosene traps and writes, 
‘““From the shape of the curve, it is apparent that there is a marked 
but temporary reduction in the number of flies caught. The lowest 
point comes about five days after spraying, after which time the spray 
becomes ineffective and flies-coming in from outside sources raise the 
number again.” 

In our work, Mally’s? formula of the poisoned bait spray was 
adopted but with this difference, Mally used three ounces of lead 
arsenate and we increased the amount from three to five ounces after 
the application of the first spray. The amount of poison was increased 
in our work in order to kill the flies more rapidly by giving them a 
greater dose of poison. To determine the length of time that fruit- 
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flies will live in captivity with leaves picked from trees sprayed with 
the bait containing three ounces of poison, thirteen fruit-flies were ~ 
captured, some of which were actually observed feeding on the bait 
in the field. These flies were placed in jars together with the sprayed 
leaves suspended by threads at different heights. From time to time 
water was sprayed on the sides of the jars. The results of the experi- 
ment were as follows: Nine fruit-flies suecumbed to the effects of the 
poison at the end of the first day, one by the end of the second, but 
the remaining three flies were still alive at the end of the third day. 

When the fruit-fly spray has been properly applied to the trees, 
there is no conspicuous show of the bait from a distance, but a closer 
examination of the treated trees shows thousands and thousands of 
droplets of the spray adhering to the leaves and branches. These 
droplets, even after the water has evaporated, will not show the white 
traces of lead arsenate to the naked eye. If the solution has not been 
kept thoroughly agitated, the lead arsenate will sink to the bottom of 
the receptacle containing the mixture and the last few pump-fulls of 
the spray will contain an excess of lead arsenate. When this material 
is applied to the foliage, the lead arsenate in each droplet will settle as 
a white deposit, but this will be covered by a glossy layer of sugar after 
the water has evaporated (Pl. 14, fig. 2.) A rain may now wash off 
the sugar layer from the lead arsenate deposit and then, of course, 
the white specks become more conspicuous. These may adhere to the 
leaves for several weeks. In order to keep the finely divided particles 
of lead arsenate in suspension in the solution, every second pump-full 
of the spray was forcibly emptied against the bottom of the container. 

After the trees in the orchard had been sprayed for the fifth time 
our attention was called to the fact that the leaves of the grapefruit 
and peach had been injured by the spray. The leaves showed evidence 
of brown areas as if they had been burned; later the leaves began to 
fall from the trees and in the case of the peach almost entire defoliation 
occurred. In the first two sprays, lead arsenate in paste form was used, 
but with the last three sprays the powdered lead arsenate was used. 
No attempt was made to determine the cause of the scorching of the 
leaves under Hawaiian conditions. 

Shortly after the trees had been sprayed, a loud buzzing became 
audible as one walked through the orchard. Hundreds of insects, 
including house flies, bluebottle flies, syrphids, flesh flies, tachinids, 
mud daubers and paper wasps, hymenopterous parasites, long-horned 
grasshoppers, moths, an occasional butterfly, ete., were flying about 
sucking up the poisoned bait. 

In several bulletins + * Mally claims that in South Africa ‘‘ honey 
bees have paid no attention to the thin film of sweets on the leaves of 
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treated trees.”’ In the Hawaiian Islands, however, we found that the 
spray does have a drawback from which Mally claims it was exempt— 
it does attract the honey bees. In one experiment fruit trees were 
sprayed which were not flowering but which were in the immediate 
vicinity of others that were in blossom. Honey bees were visiting 
these flowers in large numbers. Several hours later honey bees were 
observed feeding on the poisoned bait which was on the leaves of the 
treated trees, and also on the leaves of some shrubs and grass beneath 
the trees. 
Mally! also claims that ‘‘citrus trees in blossom were sprayed 
to determine the likelihood of. destroying honey bees but in 
no case was a bee seen to feed on the poisoned sweet. It is possible 
that the blossoms were so much more attractive that the bait was no 
temptation.”’ In the Hawaiian Islands, some of the honey bees will 
desert the best honey-producing flowers and seek the poisoned bait. 
At different times during the year when the algeroba, avocado, various 
kinds of citrus trees, papaia and peach trees were in blossom, these 
trees were sprayed with the fruit-fly remedy. Many honey bees, 
which had been observed visiting the flowers before spraying, left the 
flowers after spraying and were seen lapping up the deadly solution. 
A record was kept of all beneficial insects, such as ladybird-beetles, 
. staphylinids or rove-beetles, stylopids or strepsipterons, lacewings, 
tachinids and hymenopterous parasites which were captured in the 
kerosene. The following table shows a list of insects that were caught 
before, during and after spraying: 


TABLE IV 


List oF BENEFICIAL INSECTS CAPTURED IN TEN KEROSENE TRAPS BEFORE, DURING 
AND AFTER SPRAYING : 


PREDACEOUS INSECTS 


During 
Before and after 
spraying spraying 
Coccinellidee 
De ha rae: Coccinella repanda’ Thunb... 1... 3. =e if 
eS ett Cryptolemus montrouziert Mulls. ©. [503 eee 16 
DOD cncgmene se: Orcus:chalybeus' Boisdse) ere Se eee 1 hee eee 13 
Bray ae ae Platyomus liyidigaster Mulls.) J. 3.7. 22. ee 2 
CG aaa Aa Rhizobius ventralis Muls. 2. 0... 3. 5) ses 
Li erent Vedalia icardinalissMuls. =. 2:2 52... 45-2022 eee 0 
Le Ae eee Scymnus vividus Sharp. .!.. 5... ..). oe eee 0 
Le iain ier Sticholotus punctatus Crotch.) ..2...4. 9 see 2 
4] 54 
yaa Narre Coceinellid larvse® 33.0700. pe ees ws ee 
GRR cay staphylinids..4 053% 2 Ye hie whe es 3 
iL niet eae Lacewing larvae ihn. le Se Ae 0 
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Average about 2 per day. 
PARASITES 


Stylopide or Strepsiptera 


1 coger lenchusemelaniasyRerkiNs ee a ee cesta ne: 0 
Tachinide 

Sy ee oan Rronbina arch ip plvoraaWeallite. + pent. cocemeee e 'e". a2. 2 

2 ae CheetocedianmonticolavBicotie vet 2.06. ven ae ee ee 1 

5 3 

Hymenoptera 

7 ee Tetrastichus hagenowil (Ratzeb.) (Secondary parasite).. 57 
pees: Amustatuskocbeler Ashe) aieee cs oie ete ee 17 

SS ren Solindemiaxpieweorms:Camaye 0.4 oe. ce, oe (reckon | 

EPRI irae @haicisobscuratanWitlktw. igen he: ce eee ees se 0 

Lake ee etre lagna Wallen sis; CAM g eer sre be Rene le ys the pain oes ee 3 
206 ee lschioronus;patliatuss(Cam~s)e eye Wee eo eee ees 0 
ee Pn VAEUSERUSGCUSY EO Wavt iis ieee nile of heen ae case oe et a) 

le a Creimpshis iymenie Vier. sss hes Se rats. era ee 1 
590 89 
I TINT VA ASIGCS Oe Rene aie gees te 8 en hig oa hc ahd cr 25 
S/he ora SECON OA lye PALASIVES A eras yates re ete ices ay eiehe wee Costes 57 


A large number of hymenopterous parasites which have not been 
identified were captured in the kerosene. Many parasites of which 
the hosts are unknown were trapped. Parasites new to the Hawaiian 
Islands, and of recent, accidental introduction, were caught in kero- 
sene and other oils. 

Besides the Mediterranean fruit-flies, predaceous and parasitic in- 
sects listed, a number of animals other than insects were caught in the 
kerosene; viz., one lizard, centipeds and many spiders. Of the insects 
captured, the largest number were (1) Mediterranean fruit-flies, (2) 
ants, (3) winged plant lice, (4) gnats or midges (in one catch 84 gnats 
or midges were counted), (5) bark lice and (6) moths. Among the 
Orthoptera, cockroaches, katydids, long-horned grasshoppers and one 
African mole cricket were taken in the oil. Among the Diptera, 
syrphid flies, soldier flies, vinegar flies, flesh flies and a few mosquitoes 
were killed in the kerosene. A few other insects that were found dead. 
in the kerosene and worth mentioning on account of their economic 
importance are, the Japanese beetle (Adoretus uwmbrosus), Lantana 
leaf-bug (Teleonomia lantane), and Torpedo bug (Siphanta acuta). 

It may be possible that some insects which have been captured with 
oil lamps are not attracted to the light but to the oil. According to 
Dr. Perkins, “It is just possible that Stylopide are attracted by kero- 
sene, since one or two species have been taken in the oil on lamps, and 
are supposed to have been attracted by the light, but it may have 
been the oil.” 
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We are indebted to Dr. R. C. L. Perkins of the Hawaii Sugar Plant- 
ers’ Association Experiment Station for the identification of the pre- 
daceous and parasitic insects. ia 
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EXPLANATION OF PLATE 14 


Fig. 1. The two bottles on the right contain 10,239 Mediterranean fruit flies; these 
were captured in ten kerosene traps during five weeks before spraying. The bottle 
on the left contains 182 fruit flies and these were captured in ten kerosene traps 
wired to the same trees during and after spraying in the following five weeks. 

Fig. 2. Leaf showing small droplets of spray. In this instance the solution was not 
kept thoroughly agitated and consequently the last few pump-fulls of the poisoned 
bait contained a large amount of the lead arsenate. The droplets of spray show 
a white deposit of lead arsenate covered with a glossy sugar layer; the latter is 
represented in black in the photograph. 


[Last of the papers read by title ——Ed.] 


A CONTRIBUTION TO THE LIFE HISTORY OF THE CORN- 
FEEDING SYRPHUS FLY (MESOGRAMMA POLITA SAY) 


By C. H. Ricuarpson, New Jersey Agricultural Experiment Station 


During the summer of 1913, the writer observed an infestation of 
Mesogramma polita which extended over a considerable portion of two 
hundred acres of sweet corn at Jobstown, Burlington County, N. J. 
The prosecution of other field work made it impossible to study the 
activities of this Syrphid in detail at that time. However, observa- 
tions were made at frequent intervals and the results are given here 
as an addition to our present knowledge and a stimulus to further 
interest in this species. 

References to the habits of Mesogramma polita are few. Riley and 
Howard,! who have given the most complete account of its life history, 


1 Insect Life, Vol. 1, 1888, pp. 5-8. 
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report it from Griggstown, Somerset County, N. J., and Jacksonville, 
Fla. In the former locality, the larvze were feeding on pollen from 
corn; in the latter they were attacking the corn tissue at the base of 
the leafstalk and were even found in soft discolored places in the stalk. 
Mr. Ashmead, who made the field observations at Jacksonville, states 
that he did not observe any of the larve feed upon pollen in that local- 
ity. In 1889 the same authors! published a letter from a correspond- 
ent at Cadet, Mo., in which damage to corn by the larve of M. polita 
was reported. In this locality, the informant found the larve 
between the bases of the leaves and the stems where they caused the 
lower leaves to wither and dry up. 

The late Dr. John B. Smith cites an infestation in evergreen sweet 
corn at Cologne, Atlantic County, N. J.2. The larvee were found be- 
tween the leaves and the stalks of the corn. Specimens kept in the 
laboratory lived apparently upon the moist exudation from the surface 
of the stalk where it envelops the leaf sheath. No pollen was given 
them, but they reached maturity successfully. | 

Sanderson in 1900? discovered this species in corn at Newark, Del. 
The larve were often found in the staminate flowers, in the axils of 
the leaves, in the silk and wherever else pollen had lodged. Puparia 
were observed among the florets on the tassels. Although the larvee 
were very abundant, no injury to the leaves or stalks could be 
detected. 

Folsom * has given the only account which the writer has seen of 
the aphidophagus habits of the corn-feeding Syrphus fly. He says, 
““Mesogramma politum is frequent in our clover fields, the green larva 
feeding on the clover-louse. A full-grown larva found on the ground 
March 27 made its puparium the same day, and the fly issued indoors 
April 8.” 

Metcalf ° has considered a large part of the literature which relates 
to this species .and has given observations made at Raleigh, N. C. In 
this locality he mentions that the pupx were fastened to the tassels 
of the corn (p. 30). 

SEASONAL DIsTRIBUTION.—This Syrphid was first observed at Jobs- 
town in a field of metropolitan sweet corn the last week in August when 
adults and larve were abundant, which would indicate that the breed- 
ing season was well advanced at that time. During September, the 
infestation spread to practically all of the fields. On October 11, the 


Pidemet nN Ol. 2.0p> 115. 

7 Rept. Ent. Dept. N. J. Agr. College Exp. Sta., 1899, pp. 442-443. 

3 Rept. of Entomologist, Delaware Exp. Sta., pp. 202-205. 

4 Univ. of Ill. Agr. Exp. Sta., Bull. 134, p. 148. 

> Syrphide of Ohio, Ohio State Univ. Bull., Vol. 17, No. 31, 1913, pp. 16-88. 
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number of flies had decreased perceptibly. Those seen were mostly 
males and the few females observed were not ovipositing. Pups were 
still present. After this date field work was discontinued. 

FEEDING HABITS OF THE ApDULTS.—Adults of both sexes seemed to 
feed exclusively upon pollen from the corn. Feeding was done in a 
more or less systematic manner. The flies would often hold an anther 
with their fore legs and, beginning at one end, would consume the 
pollen along its whole length. 

The females were easily approached while they hovered about the 
tassels and it was not difficult to catch them with forceps when at rest. 
The males, however, exhibited a greater ‘“‘shyness,’”’ and could rarely 
be obtained in this manner. ; 

Oviposition.—Most of the eggs were deposited in groups in the 
staminate flowers, although a few, reposing singly, could be found on 
the leaves and other parts of the plants. The groups, which were 
always found on the inner surface of the glumes, contained as few as 
two or aS many as nineteen eggs. The actual number laid by a single 
female was not ascertained. 

The female, when ready to oviposit, alights on a stem, moves along 
until a suitable flower is reached whereupon she reverses her position 
and feels the way with her ovipositor to the inner surface of the 
glumes. 

FErEDING Hasits oF THE LARV®.—Young larve were found in the 
staminate flowers, but seemed to leave them after a short time and to 
collect in greatest abundance in the axils of the leaves. Many were 
also seen in depressions along the midrib of the lower leaves where 
pollen had accumulated. That they fed largely on pollen was corrob- 
orated by actual observation and by examinations of the digestive 
tract. Larvee were often seen in the silk, but never as abundantly as 
in the axils of the leaves. Just prior to pupation, the larve usually 
abandoned the axils of the leaves and wandered about over the 
plant. 

No deleterious effects of the larve upon the corn were noticed at 
Jobstown and in this respect these observations are in harmony with 
previous studies in New Jersey and Delaware. Whether or not the 
larve in the axils of the leaves fed upon plant exudations was not 
ascertained, but it was certain, if such feeding occurred, it did not 
appreciably injure the corn. Nor was there evidence to show that 
enough pollen was consumed to reduce the yield in the experimental 
plots where other studies were under way. 7 

PupaTIon.—On September 12, a count was made to determine the 
preferred place for pupation with the following result: 
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Other pup were found at later dates in the axils of the leaves, and 
in the sheath surrounding the ear, but they were invariably more 
numerous on the upper surface of the leaf. Sanderson and Metcalf 
have observed many pup on the tassels, but this was certainly not 
the preferred place for pupation at Jobstown. 

NatTuRAL ENEmMIES.—The most important enemy of the corn-feed- 
ing Syrphus fly was a disease which appeared to be particularly fatal 
to mature larve. Dead individuals were to be seen on nearly every 
corn leaf and on the stalks in places where the larve were particularly 
numerous. Sanderson mentions an apparently similar epidemic in 
Delaware. 7 

While a larva of Megilla fuscilabris was found but once in the act of 
devouring a pupa of M. polita, there can be no doubt that it was an | 
active enemy of the corn-feeding Syrphus fly because of its abundance 
in the corn fields and the large number of pupal remnants which showed 
the visitation of a predaceous insect. 

Although a large number of pups were reared and many dissected, 
no internal parasites were found. In a few cases, eggs placed on 
leaves showed holes through which egg parasites had escaped. 

Discussion.—Mesogramma polita has apparently never been inju- 
rious to corn in New Jersey or Delaware. Reports of injury have 
come, however, from Florida and Missouri and it seems that the feed- 
ing habits of this species will require closer attention in many localities 
before its exact economic status can be determined. 

The observations of Folsom are particularly important because they 
indicate a hitherto unknown feeding habit for this species... If MW. polita 
proves to be commonly predaceous then Metcalf’s acceptance of it as 
a purely phytophagous species cannot be upheld. The close relation- 
ship of the genus Mesogramma with the aphidophagous genera, Syrphus 
and Spherophoria as indicated by Riley and Howard ! and the general 
resemblance of the larva to other predaceous Syrphid larve suggest 
its derivation from predaceous ancestors. This conception is further 
strengthened by the fact that Mesogramma marginata Say? is also 
predaceous in habit. 


_ * Loc. cit., 1888. 
2 Folsom, loc. cit. 
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The present data suggest that the species is sporadic in its attacks__ 
upon corn. There are but three recorded outbreaks in the state of 
New Jersey for the period from 1885 to 1914, although New Jersey 
was one of the first states in which its presence on corn was noted. It 
may be that the corn-feeding habit is only occasional and that the 
larve normally lead a predaceous existence well hidden among close- 
growing vegetation. 


LIFE HISTORY, NATURAL ENEMIES AND THE POISONED BAIT 
SPRAY AS A METHOD OF CONTROL OF THE IMPORTED 
ONION FLY (PHORBIA CEPETORUM MEADE) WITH 
NOTES ON OTHER ONION PESTS! 


By Henry H. P. SevertN, PH.D., Wisconsin Agricultural Experiment Station, and 
Harry C. Severin, M.A., South Dakota State College of Agriculture and Mechanic 
Arts 

I INTRODUCTION 


As onion growers in some parts of Wisconsin have been forced to give 
up the business of growing onions on account of the ravages of the 
imported onion fly (Phorbia cepetorum Meade), an investigation was 
started to determine the life history, natural enemies, probable causes 
of the enormous increase of the pest and the value of the poisoned bait 
spray as a method of control. In this paper a few observations on 
other onion pests will also be noted. A more detailed paper on the 
imported onion fly and other insects injurious to onions will appear in 
the Wisconsin Academy of Sciences, Arts and Letters. 


Il Lire History 


In the process of oviposition the imported onion fly usually endeavors 
to force its ovipositor between the onion stem and the ground, but 
when the earth is tightly crusted against the plant, the egg-laying 
organ is unable to penetrate the hardened soil. The female fly may 
then oviposit’in a crevice near the onion stem, or if a small crack is not 
available, the pest will sometimes crawl in holes or under lumps of dirt 
an inch or two from the onion plant to deposit its eggs. 

The eggs are usually deposited from one-eighth to one-fourth of an 
inch below the substratum, and are glued to either the soil or stem. 
Sometimes the eggs may be found above the surface of the ground 
attached to the stem, within the axil of a leaf or to the leaves them- 
selves. The number of eggs which are laid at one deposition may vary 
from one to fifteen. | 


1 Permission has been granted by Director H. L. Russell of the Wisconsin Agri- 
cultural Experiment Station for the advanced publication of this paper. 
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Under field conditions the incubation period of eggs deposited by the 
first brood of flies in early June varied from three to four days. The 
larval period was completed in two to three weeks in green onions, 
onion-sets and small seeded onions, but in seeded onions from the 
previous year, the development of the maggots was often prolonged 
and, in some instances, required from four to five weeks. The pupal 
period under field conditions required from nine to sixteen days during 
the latter part of June and early July, the majority of the second 
brood of flies emerging in eleven, twelve and thirteen days. 

Several experiments were performed to determine whether the 
imported-onion fly could complete its life history in food material other 
than the onion. In one instance, fourteen eggs immediately after 
deposition in an onion field, were placed below the surface of the soil 
in contact with radishes growing in a flower pot. Fourteen onion flies 
completed the different stages of their life cycle in twenty-nine to 
thirty-five days in the radishes. In a second experiment freshly laid 
eggs were transferred from onions to manure. The next day the eggs 
were shriveled in appearance and an examination of the manure dis- 
closed the presence of numerous mites, that had undoubtedly sucked the 
eggsdry. The experiment was repeated but this time fresh horse drop- 
pings were used. The different stages of the life history in the manure 
were completed in twenty-nine to thirty-one days, except one fly which 
required fifty-two days to pass through the egg, larval and pupal periods. 

An attempt was made to determine the number of days required after 
emergence of adults from puparia before fully developed eggs appeared 
in the ovaries. A large number of adults of the second brood, which 
emerged on the same day, were confined in breeding jars containing 
onions planted in wet sand. The specimens were fed daily on diluted 
molasses, and water was sprayed into the jars with an atomizer. 
Daily dissections of specimens confined in breeding jars showed that 
one of ten females had ripe eggs in the ovaries at the end of twelve 
days, but other females did not show mature eggs in the ovaries at the 
end of sixteen days. In all probability, the effect of confining the in- 
sects in breeding jars as well as the food material employed, played an 
important réle in the rate of development of the eggs. 

Through dissections of female flies of the first and second broods, it 
was found that the average number of apparently full-grown eggs 
present in the ovaries varied from forty-one to fifty-one. In all prob- 
ability, the onion fly empties its ovaries of a batch of about fifty eggs, 
depositing from one to fifteen eggs at a time, a second batch of eggs 
probably then develops, ripens, and is deposited and so on. 

The period of emergence of the second brood of onion flies under 
field conditions extended from June 28 to July 25, most of the flies 
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issuing from July 1-12. We determined by a series of daily dis- 
sections of twenty flies which were captured by sweeping the onions 
with an insect-net, when the second brood is about to oviposit in the 
onion fields. On July 10, 55 per cent of the females dissected contained 
almost fully-developed eggs in the ovaries. Two of the twenty speci- 
mens dissected on this date had already deposited eggs, for only two 
ripe eggs were found in the ovaries of one female and three were pres- 
ent in the other. 


III NaturaL ENEMIES 


The most important natural enemy of the onion maggot in Wiscon- 
sin 1s a Staphylinid or rove beetle (Aleochara anthomyie Sprague). 
On July 1, three hundred imported onion fly puparia were sieved from 
the soil in a green onion bed. From July 16-30, twenty-seven (9 per 
cent) Staphylinids emerged, whereas the last onion fly issued on 
July 13, from these puparia. When an onion maggot is dropped into 
the breeding jar near the Staphylinids, the larva is seized by the 
mandibles of the beetles and the Coleoptera tenaciously cling to the 
wriggling maggot as the victim is being devoured. In the field masses 
of onion fly.eggs were found which had been partly devoured by some 
predaceous enemy, and it may be possible that the Staphylinids preyed 
upon these eggs. 

Two wasps (Oxybelus 4-notatus Say), each dragging an onion fly, were 
captured in an onion field on July 21. In all probability, this wasp 
sometimes provisions its nest with this pest. 

Spiders were frequently observed sucking out the juices of the 
imported onion flies. These spiders were commonly seen lying in wait 
for their prey at the union of two onion leaves. 

A single Hymenopterous parasite was bred from an imported onion 
fly puparium on August 31. On June 25, the parasitized onion fly 
larva pupated under laboratory conditions. Mr. J. C. Crawford, U.S. 
National Museum, identified this parasite as, “‘ Cothonaspis n. subg.” 
This is due, he states, ‘‘to its having only 11 joints in the antenne 
instead of 12 or 13 as the various subgenera of Cothonaspis have. 
However, there is only one specimen, and he is loath to describe it as a 
new subgenus since occasionally these vary and this might be a speci- 
men with abnormal antenne.” A number of specimens of another 
Hymenopterous parasite were bred from puparia obtained from 
larvee which completed their development in radishes. This parasite | 
was placed in the genus Cothonaspis by the same specialist. Mr. 
F. Knab, U.S. Bureau of Entomology, identified two species of Antho- 
myids which were bred from radishes, the seed-corn maggot (Phorbia 
fusciceps Zett.) and the cabbage maggot (Phorbia brassice Bouche). 
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In all probability, the last mentioned parasite attacks both species of 
Phorbia. A 

In the field onion flies which had succumbed to the effects of a 
fungus disease were frequently found adhering to onion leaves. In the 
laboratory the disease was spread to healthy flies confined in breeding 
jars. | 


IV PROBABLE CAUSES OF ENORMOUS INCREASE OF 
IMPORTED ONION Fry 


After a large number of commercial onion fields were visited and the 
methods employed by the growers were observed, it soon became 
evident that there are a number of reasons why the onion fly has in- 
creased to such enormous numbers in Wisconsin. The most favorable 
conditions for the multiplication of the pest rests in the fact that no 
steps are taken to destroy the maggoty onions in the fields. Most of 
the onion growers pay no attention to clean field methods. 

As there was a low market for onions in the fall of 1912, many of the 
growers stored their seeded onions in warehouses over winter, with the 
expectation that a better price could be obtained in the spring. Dur- 
ing the winter many farmers experienced difficulty with the onion rot 
(Sclerotium cepivorum) and all diseased onions were dumped on the 
land. Inthe spring there was no market for the onions and the bulbs 
were dumped and plowed under in the fields. One grower used 
18,000 bushels as a fertilizer. Some of these onions sprouted early in 
the spring, offering the first brood of flies a most favorable opportunity 
to oviposit before the onion seeds germinated. It was common to see 
these onions growing here and there in sugar beet and potato fields. 
In fields where onions had been grown the previous year and where 
rotation of crops was practiced, hundreds of eggs of the pest were 
obtained by removing the soil in contact with the onion stems. An 
examination of the decaying bulbs plowed in the soil showed the pres- 
ence of numerous maggots. Puparia were found in the soil beneath 
these decayed onions and the second brood of onion flies emerged from 
June 14-20; whereas, in the case of infested green onions under a cage 
in the field, the second brood issued from June 28 to July 25, most of 
the flies issuing from July 1-12. 

When the onions are so seriously infested that the crop is not worth 
harvesting, the growers simply plow under the maggoty onions, thus 
giving the pests a most favorable opportunity to complete their life 
history. 

During the marketing of the crop many infested, decayed and in- 
jured onions are thrown in the fields. In grading the onions, the men 
throw out of the screen all infested, decayed and injured bulbs. 


/ 
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These maggoty onions are allowed to remain in the fields thus giving 
the larve an opportunity to complete their development, bore into the 
soil to pupate and issue as flies. | 

The methods of harvesting seeded onions and onion-sets are different 
and have an important bearing on the destruction of the onion refuse. 
After the leaves of seeded onions ripen down and shrivel, the bulbs 
are removed from the ground. <A few days later the leaves are cut off 
with grass shears and the tops are allowed to remain on the ground. 
After the onions have been removed from the fields, the tops and the 
maggoty, decayed, injured and under-sized onions can be accumu- 
lated in piles and burned. 

In harvesting onion-sets the leaves are cut off with a lawn mower or 
grass shears before the bulbs are removed from the ground. The tops 
are gathered in windrows or piles and soon begin to decay. An ex- 
amination of this decaying onion refuse showed the presence of numer- 
ous dipterous larve. Some of the growers labor under the impression 
that the onion waste will not burn. We have demonstrated to a num- 
ber of farmers that no kerosene or fuel need be consumed if this work 
is properly carried out. The onion refuse left in windrows and piles 
will not burn, for it decays and becomes soaked with rain. If, on the 
other hand, this material is scattered in the field, the leaves lose what 
little moisture they retained during the ripening of the onion-sets, and 
then all the refuse can be accumulated in piles under favorable weather 
conditions and burned. 

Too much emphasis cannot be expressed concerning the importance 
of clean field methods in the control of the onion thrips. When the 
onion tops become dry in the fields, the winged thrips leave the refuse 
and spread to the neighboring vegetation, reinfesting the onions when 
these are planted the following season. An examination of the onion 
tops several weeks after the crop was harvested showed the presence of 
numerous thrip larve beneath the sheaths of the onion leaves. These 
immature, wingless thrips would have been destroyed if the onion 
refuse had been burned immediately after the crop was harvested. 

Many onion growers do not practice crop rotation. Some growers 
have planted onions on the same tract of land for a period of twelve 
successive years. Most of the onion growers in southeastern. Wis- 
consin are not in favor of crop rotation, and grow onions on the same 
land year after year until the onion smut and insect pests render onion 
erowing unprofitable. 

Fall plowing is not practiced by many of the commercial onion 
growers in southeastern Wisconsin. In some cases the crop is barely 
harvested when about three carloads of Chicago stock yard manure to 
an acre is scattered over the onion refuse. Fall plowing would crush 
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many of the onion fly puparia and expose others to the sunshine and 
these, in all probability, would fail to hatch. Many puparia would 
probably be destroyed by natural enemies, such as birds and Carabids. 


V PoIsonep Bait SPRAY 


Although seventy methods of fighting root maggots have been put on 
record, no attempt has been made to poison, with a sweetened spray, 
the adult before the egg-laying period begins. Under natural condi- 
tions the imported onion flies were observed feeding on wild and 
cultivated flowers, onion leaves and soil. In captivity Phorbia cepeto- 
rum relished diluted_black-strap molasses, and they fed upon this 
sweetened liquid until their abdomens became greatly distended. If 
this insect is attracted to diluted molasses under natural conditions, 
the greediness of the flies for this sweet when poisoned, would be the 
weak point in the life history to attack the pest. If this poisoned bait 
be applied in the form of a spray to the onion leaves when the imagoes 
first appear on the wing and if the Anthomyids were to feed upon the 
insecticide no doubt large numbers would be killed before the egg- 
laying period commences. 

A series of experiments were performed to determine the length of 
time that the imported onion flies would live in captivity when fed with 
diluted black-strap molasses to which had been added different kinds 
and amounts of insoluble poisons. Some of the flies were still alive at 
the end of a week in these experiments even though the poisoned bait 
was applied daily within the jars. The following proportions of 
molasses and water were used with each poison: 


; pint molasses. 
1 or 2 ounces arsenate of lead, or zinc arsenite. 
1 gallon water. 


A series of similar experiments were now performed with different 
quantities of sodium arsenite, a soluble poison. One gram of sodium 
arsenite dissolved in a gallon of water sweetened with one-quarter of a 
pint of molasses, killed the onion flies within a day; in fact, a few 
specimens succumbed to the effects of the poison at the end of three 
hours. Too much emphasis, however, should not be attributed to any 
of these experiments, because the insects were in captivity and in feed- 
ing were forced to consume the poisoned bait. 

In our field work, the first application of the spray was given to the 
onion leaves to control the second brood of flies on July 10,1913. The 
poisoned bait was applied with a hand pump provided with a vermorel 
nozzle. The minute droplets of the spray adhered to the waxy coating 
of the onion leaves without a “‘sticker’’ being added to the poisoned 
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diluted molasses. After half an onion field was baited we were con- 
vinced that thorough spraying was not necessary, as there was no ques- 
tion of doubt that the diluted molasses clearly attracted this pest. In the 
sprayed portion of the onion field, numerous flies were seen on the 
onion leaves feeding on the minute droplets of this insecticide until 
their abdomens became greatly distended, but in the unsprayed part 
of the onion field, rarely was an Anthomyid seen exposed to the sun- 
shine on the tops of the onion leaves. The following formula was used 
in this experiment: | 


Molassesii.5 cies alee te ills whan OR dL oi + pt. 
Sodium arsenite (dissolved in boiling water)................... + OZ. 
Water? <0. 8 ose eles eee es A ee 1 gal. 


Four applications of the spray were made to control the second 
brood of onion flies in this somewhat isolated onion field in which the 
pest had already destroyed 50 per cent of the crop. The bait was 
renewed once during each week. 

On account of the severe thrip injury to the onion leaves in this 
field it was difficult to determine whether the waxy coating of the 
leaves insured protection from the burning of the soluble poison. 

The results obtained were most encouraging in this somewhat isolated 
onion field for few infested onions were found compared with the ravages 
of the pest in some of the onion farms in the vicinity. As the season’s 
work was started too late to test the effectiveness of the poisoned bait 
against the first brood of the pest, which is probably more difficult to 
combat on account of the frequent spring rains which wash off the 
spray, no conclusions can be drawn from the good showing that the 
spray made against the second brood. 

To control ‘the imported onion fly in a commercial onion field which 
is surrounded by other infested onion farms, may present a more 
difficult problem on account of the invasion of the pest from adjacent 
fields. It may be possible that if one grower sprays and his neighbors 
do not, that a few applications of the bait to the entire onion field 
followed by spraying of the margins adjacent to the unsprayed fields, 
may control the invading flies. This work must be continued during a 
number of seasons to determine whether the pest can be controlled in 
non-isolated onion fields. 


VI Buack Onton Fuy (Tritoxa fleca Wied.) 


According to Chittenden! the black onion fly (Tritora flexa Wied.) 
is “‘an old enemy of the onion and a native species, recorded from the 


1 Chittenden, F. H. Insects Injurious to Vegetables, p. 245. 
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Altantic coast to Illinois.” Two black onion fies were taken by the 
writers in Milwaukee County, Wisconsin, on June 12, 1902. In the 
year 1913, nine of these insects were captured in Racine County, 
Wisconsin, and one specimen was bred from an infested onion on 
August 27. The black onion fly was not a serious pest of the onion in 
the season of 1913. 


VIL Barrep-WINGED ONION FLy (Chetopsis enea Wied.) 


The barred-winged onion fly (Chetopsis e@nea Wied.) was bred from 
decaying and also smut-infected onions. 


VIII Euxersta NotTata WIED. 


Another Ortalid (EHuzesta notata Wied.) was commonly reared from 
decaying and smut-infected onions and from piles of decaying onion 
tops. The maggots of this insect were often found feeding in company 
with the larve of the imported onion fly or in decaying or partially 
decayed onions which the latter had deserted. 


IX Onron TuRipes (Thrips tabaci Lind.) 


The first noticeable injury to onion plants caused by the onion thrips 
(Thrips tabaci Lind.) was observed at the end of June. At this time 
thrips were especially abundant between the two central or innermost 
leaves. Considerable alarm was expressed by the onion growers 
during the prolonged hot dry spell at this time of the year, as enormous 
numbers of the pest began to appear in the onion fields. On July 4, 
the dry spell was broken by a driving rain which according to the 
statements of the commercial onion growers, ‘destroyed great 
numbers of the insect and saved the onion crop.” In the month of 
August, however, the leaves showed severe thrip injury, namely, the 
whitened appearance of the leaves produced by the rasping and suck- 
ing mouth-parts of the insects. 

X CUTWORMS 

Cutworms caused a slight amount of injury in the onion growing 
districts near Racine, Wisconsin, in 1913. The damage to onions by 
these pests was principally the work of the spotted cutworm (Noctua 
e-nigrum Linn.) and the variegated cutworm (Peridroma saucia Hbn.). 
The spotted cutworm was so heavily parasitized by a parasite, A pante- 
les (Protapanteles) sp. in 1913, that but little injury was caused to the 
onions by the pest. 


XI ° MisceELuANgEous Insects INJURIOUS TO ONIONS 


Among the miscellaneous insects injurious to onions observed 
occasionally in the onion fields were the following: Zebra caterpillar 
: | 


d 
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(Mamestra picta Harr.), yellow-bear caterpillar (Diacrisia virginica 
Fab.), white-lined sphinx (Deilephila lineata Fab.), tarnished plant-bug 
(Lygus pratensis Linn.), and twelve-spotted Diabrotica (Diabrotica 
12-punctata Oliv.). 


XII Insects BRED FROM DECAYED ONIONS 


A number of insects breed in onions after the imported onion fly 
larvee have caused decay. Stable fly (Stomoxys calcitrans Linn.) 
larvee were found feeding in company with the imported onion fly 
maggots, or in decaying onions which the latter had deserted. The 
adults were often reared under field and laboratory conditions. 

Glischrochilus (Ips) fasciatus Oliv., and its larve were observed feed- 
ing in decaying onions, which were or had been infested with the im- 
ported. onion fly larve. The beetle and its larvee were commonly 
found in decaying onions which had been plowed under as a fertilizer. 


NOTES.ON THE BROWN LACE-WING! 


(Hemerobius pacificus, Bks.) 
By Gro. F. Moznetrs, Oregon Agricultural College 


A study of the above species was begun in the early part of Novem- 
ber, 1913, and numerous observations have been made in the field, 
while breeding experiments have been conducted in the laboratory. 

This species, a member of the order Neuroptera, is of considerable 
economic importance in that it is predaceous in its larval stage upon 
the Aphidide or plant lice, Acarina or mites, and probably other soft- 
bodied insects.. It was found to be particularly important in destroy- 
ing the oviparous females of the Rosy Apple Aphis, Aphis sorbi Kalt., 
and the Currant Aphis, Myzus ribis Linn. However, this species preys - 
upon almost all species of Aphidide, and during July, 1913, it was 
found quite abundant in hop yards feeding upon the wingless females 
of the summer generations of the Hop Aphis, Phorodon humuli Schrank, 
and also on the Red Spider of the Hop, Tetranychus telarius Linn. 

Specimens in the college collection are recorded from Vale in eastern 
Oregon, and Corvallis and Oregon City in western Oregon. It is an 
important economic species in California, and is also found in the 
states of Washington, New Mexico, Arizona, and the province of Brit- 
ish Columbia. We can then assume that it is distributed over the 
Pacific Coast regions. 


1 This article is published with the permission of Prof. H. F. Wilson as a contribus 
tion from the Entomological Department of the Oregon Agricultural College. 
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The determinations of the Aphids used were made by Prof. H. F. 
Wilson to whom I am also indebted for suggestions in this work. 
The determination of the lace-wing was made for this department by 
Mr. Nathan Banks, of the United States National Museum, Washing- 
ton, D. C. He described this species in his paper entitled New North 
American Neuropteroid Insects, Transactions of the American Ento- 
mological Society, XXIV. 

On November 3, 1913, numerous eggs and larve were found among 
colonies of Aphis sorbi Kalt. on apple trees in the experimental orchard 
of the Oregon Agricultural College. The eggs are laid singly on the 
lower surface of the leaves. They may be found placed indiscrimi- 
nately over the lower leaf surface, but most of them are deposited next 
to the midrib, lateral vein or in the axil of the two. They are laid 
horizontally or on end, usually the former. 


The egg is ovoid, white, changing to a light amber in the course of development and 
growth, and measures .92 mm. in length and .40 mm. in width. The surface is retic- 
ulated and at one end is located a small disc-shaped micropyle. 


On November 29, 1913, a number of apple leaves free from eggs were 
tagged on a small apple tree. Many eggs were found in the orchard 
on this date. The tagged leaves were observed each day and Decem- 
ber 1, 1913, three leaves were found each with a single egg. These 
leaves were placed in vials to ascertain the incubation period. The 
eggs developed, and hatched on December 10, 1913, the duration of 
the egg stage being nine days. 

The newly hatched larva is somewhat different from that of the 
mature larva in that it is distinctly white in color, and the mouthparts 
are much more prominent than in the later instars. The eyes are a 
faint brown. It measures 2 mm. in length. Upon hatching, the 
larva emerges from the egg at one end, and remains motionless for a 
very short period, after which it immediately becomes very active 
in search of food. 

The larva moults three times, twice before spinning its cocoon and 
once just before it transforms to the pupa. The third larval exuvium 
is found in the cocoon. I have observed that the larve of Hemero- 
bius pacificus develop much more rapidly in warm than in cool weather. 
Under the latter conditions, they seem to become more sluggish and 
show a reluctance to feed. The larve did not show any real disposi- 
tion to cover themselves with Aphis skins, though they frequently 
became entangled in the hairs and feet, and were involuntarily carried 
about. ° 

The larve were supplied with an abundance of Aphis, consisting of 
Aphis sorbi Kalt., Macrosiphum lycopersici Clark; and Amphorophora 
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lactuce Kalt. The latter is very common in the fall on a species of 
milkweed around Corvallis, Oregon. On approaching an Aphis the 
larva makes a quick dart for it, inserts its piercing mouthparts, and 
sucks the blood from the victim. 

The accompanying table gives some data on the life history. of three 
of the larve. 


DuRATION OF THE VARIOUS STAGES 


' Larva No. Hatched —_—Ist moult 2nd moult 3rd moult Pupated | Emerged 
| 
1 Rae een Sy Nov. 23, 1913 | Nov. 26, 1913 | Nov. 28, 1913 | Dec. 7. 1913 Dec. 7, 1913 | Dec. 21, 1913 
PB ts cee el ee Nov. 11, 1913 | Nov. 15, 1913 | Nov. 20. 1913 | Nov. 22, 1913 | Nov. 22, 1913 | Dec. 8, 1913 
I ORR Caio Ape ae Nov. 22, 1913 | Nov. 26, 1913 | Nov. 28, 1913 | Dec. 6, 1913 Dec. 6, 1913 Dec. 21, 1913 


The duration of the larval stage and instars varies considerably 
according to the nature and quantity of the food supply and the rapid- 
ity with which it feeds. Also the temperature. The larval period was 
found to average fourteen days. 


The larva is sort of spindle-shaped, tapering toward the caudal end. The mature 
larva measures 7.5mm. in length. The head is strong and bears large sharp curved 
grasping and blood sucking mouthparts. The antenne are composed of three annu- 
lated segments, the rings being very close together and not distinct so that several 
cross lines occur connecting the different rings. The eyes are dark brown and almost 
black. A dark brown line runs through the eyes as well as the center of the head. 
The legs are whitish and the feet possess suckers which are sort of bell-shaped and 
located between the claws. The abdomen is light amber in color with darker mark- 
ings. On each side of the dorsal aspect there is a discontinuous line, each thoracic, 
and the first few anterior abdominal segments possessing an irregularly shaped mark- 
ing, brown in color. These markings are intersected by the thoracic and abdominal 
sutures. There is also a line which runs down the center of the dorsum from the 
head to the cauda. The underneath parts are pale amber colored fading to a whitish 
color approaching the sides. The larva is slightly pubescent. The sucker at the 
caudal end of the abodmen is used, as in the case of the larve of the Coccinellide, for 
anchorage. 


When ready to pupate, the larve as a rule seek some crevice in the 
bark, although cocoons were found in clustered leaves of apple curled 
by Aphis, and on the under surface of the leaves of currant and hop 
vines. Anthracnose cankers on trunks and limbs of apple trees make 
desirable places for hibernation. Each larva upon finding a suitable 
place immediately begins to construct a very thin, loosely woven co- 
coon. When the cocoon is constructed it continues contracting, moults 
for the last time and pupates. The cocoon is 5 mm. in length. 
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The pupa is a light brown in color, the thoracic and abdominal regions bearing the 
same characteristic markings as are found in the larva. It is somewhat cylindrical in 
shape curved and with the limbs and wings folded to the breast. The wing 
pads are at first white changing to a light amber in color. The antenne are now more 
or less clavate, the segments not distinctly bead-like. The eyes are very prominently 
black. It measures 4 mm. in length. 


The insect on emerging from the cocoon ruptures one end, and the 
pupa apparently cuts its way out of the cocoon as the pupal skin is 
east outside. The length of the pupal stage is fifteen days. 


The adult is distinctly light brown in color, lighter at first, changing gradually to a 
darker shade and is covered with short hairs. The head is small and pale in color. 
The eyes are prominently black. There is a brown band below each eye. ‘The an- 
tennz are moniliform or bead-like in form. There is a brown line at the base of each 
antenna. They are pale amber in color. The thorax is pale and hardly brown. 
The legs and abdomen are a little darker. Wings hyaline, the venation is somewhat 
pale marked with brown spots which are darker at the base, rising from these spots 
are indistinct oblique clouds. The gradate veins are mostly brown clouded forming 
an indistinct band. Along the border are groups of brown spots and the pterostigma 
is indistinct. The costal space is narrow toward'the base and the median is much 
bent toward cubitus at connecting veinlets. Three radial sectors, the upper branch 
of the third forked before the inner gradate series, lower simple. Last gradate 
veinlet of inner series is distinctly beyond the previous one. Hind wings white with 
pale veins except few outer gradate ones. Expanse 18-21 mm. 


When at rest, which is usually during the day, the wings are held: 
roof-like over the body. I have observed but few on the wing during 
the day and then only when disturbed from their place of rest. Their 
flight is slow and sluggish. When confined in breeding cages they do 
not live more than three or four days. 

Records of the feeding of five Hemerobius larve are given as follows: 


Apuips Eaten py Hemerosius LArv® 


Number Aphids Devoured per Day 
| ove Average 
Larva : | Aphids 
No. Hatched 2 wee us es aes ra Pah Dec. 18-19-20 ie per 
Be = = ya ee x ™ Jin Cocoon but not eee Day 
Been Seali aie (eae) a) lapeuatl 
| Dec. 22-23-24 
1 Dec. 10 10 26 24 25 26 24 29 PAG SR eee Ra ae iM 196 24 
70 ae Dec. 10 13 27 28 27 29 23 28 AS iin vei ate res ae 204 25 
ah Bee Dec. 10 19 29 28 29 30 25 26 OOM alee Mee woe tat elo 216 Pai 
2 ae Dee. 10 12 26 27 28 25 24 28 SR seen Siete era Me as 201 25 
Se ete Dec. 10 10 23 23 24 26 23 29 Behe lee See cee 191 24 
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In studying this species, the experiments were conducted under 
laboratory conditions where the temperature varies. Temperature 
readings during day were between 60-80 degrees and during the night 
between 40-50 degrees Fahrenheit. Observations were made on 
forty-seven eggs, twenty-two hatched and transformed into adults. 
The life cycle according to observations under these conditions re- 
quired an average period of thirty-eight days. 


EXPLANATION OF PLATE 15 


No. The egg in situ on leaf. (Much enlarged.) 

Cocoon. (Much enlarged.) 

Pupa. (Much enlarged.) 

Larva. (Much enlarged.) 

Adult. (Much enlarged.) 

Cocoon with top dissected away to show pupa. (Much enlarged.) 


Showing pupa encased in cocoon. (Slightly enlarged.) 


GE ON ie 


THE MOUTHPARTS OF THE THYSANOPTERA AND THE 
RELATION OF THRIPS TO THE NON-SETTING OF CER- 
TAIN FRUITS AND SEEDS 


By ArtHuR D. BorpgEn, Pasadena, California 


The asymmetry of the mouthparts of the Thysanoptera has been 
known for a long time, and a number of papers have been published 
describing in more or less detail the general characters of the mouth- 
parts. In the present paper is presented a detailed account of the 
mouth structure of the thrips based on a considerable comparative 
study of the mouthparts. It also includes some observations on the 
feeding habits and on the damage done by certain of the economically 
important species. As examples of what serious pests are contained 
in this group of insects, there need only be mentioned the pear thrips 
(Euthrips pyrt), the wheat thrips (Huthrips tritici), the orange thrips 
(Euthrips citri), the grass thrips (Anaphothrips striatus), the onion 
thrips (Thrips tabaci), the tobacco thrips (Huthrips fuscus), the 
greenhouse thrips (Heliothrips hemorrhoidalis), and the bean thrips 
(Heliothrips fasciatus). Nearly all of these are recognized as pests 
in the state of California. 7 

The earliest considerable description I have been able to find of 
the mouthparts is that of Karl Jordan (1888), on Parthenothrips dra- 
cene, a fairly accurate description and quite well illustrated. Then 
came the account of H. Garman (1890), on Limothrips cerealium, who 
points out the error in considering the articulated lobes of the maxille 
as the mandibles, and suggests that the unpaired organ is truly the 
mandible. In 1891 J. Bohls published as a doctor’s dissertation at 
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G6ttingen an account of the mouthparts. Then follows the account 
in Uzel’s Monograph (1895) in which Uzel adopts Garman’s views as 
to the structure, excepting that he differs with Garman in regard to the 
mandibles, Uzel holding that the lobes of the maxille are the mandibles 
and calling the mandible of Garman the epipharynx. Garman again 
presented his theory, in the American Naturalist (1896), and offered 
a strong argument to support his views. In 1899, Pietro Buffa, an 
Italian, described the structure of Heliothrips hemorrhoidalis, giving 
a fairly accurate description, although his illustrations are confusing. 
Finally, in 1902, W. E. Hinds gave a very good description of the 
structure of the mouthparts of Anaphothrips striatus, but his figure 
is at most only diagrammatic. Very little comparative work had been 
attempted before the work of Hinds. 

The present work is based on studies made of representatives of all 
three families of the Thysanoptera, including twelve of the genera and 
some twenty odd species. ‘The material was all collected in the Santa 
Clara Valley, California. The method employed in collecting and 
preparing was as follows: The thrips were collected and killed by 
dropping them directly into 70 or 80 per cent alcohol; dehydrated by 
passing them successively through 90, 95 and absolute alcohol, then 
cleared in xylol and mounted in balsam. As soon as mounted, the 
mouthparts may be separated out by carefully pressing and moving 
the cover slip with a needle, under the low power of the compound 
microscope, until it can be seen that the parts are sufficiently separated. 
In some cases the specimens were cleared by boiling in KOH a few 
seconds before mounting. 

The work and preparation of this paper were carried on in the Ento- 
mological Laboratory of Stanford University. 


THE MovuTHPARTS 


The mouthparts of the thrips appear as a broad unjointed cone 
attached to the extreme posterior edge of the under side of the head and 
earried so far back that it les largely under the pronotum when at rest. 
The apex of the cone is usually quite sharp, as in many of the Phlceo- 
thripide, in which case the separate parts are longer and more tapering 
than where the tip of the cone is more blunt, as in many of the Thripide. 
The shape of the cone is not of.the same type throughout any one 
large group or even for the different families, but varies greatly even 
for the different genera in the same family. | 

In the suborder Terebrantia, the mouthparts are connected to the 
frons by a strongly chitinized thickening rounding the head (PI. 16, figs. 
1, e and 2, e) which is more or less oblique on the front of the head. In 
this suborder there is also a strongly chitinized thickening extending 
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from this circular band to the left eye (PI. 16, figs. 1, 6 and 2, 6) and a 
rudiment of one under the right eye (PI. 16, figs. 1, aand 2, a). At each 
side of the head and extending a short way down the side of the mouth 
cone is a peculiar curved spine which may possibly serve as a strength- 
ening rod to the side of the cone (PI. 16, fig. 2, d). The suborder 
Tubulifera has the connection with the eye wanting. 

The general makeup of the mouthparts of the different species is quite 
similar, the greatest difference occurring in the shape of the parts in 
those species where the cone is blunt instead of sharp. In the former 
case, the separate parts are heavier and broader and_ necessarily 
shorter. There is also some difference in the number of segments 
of the labial and maxillary palpi, as will be noted later. The mouth- 
parts of the young are similar to those of the adult, though less strongly 
chitinized. 

As to the asymmetry of the mouthparts, I have adopted Garman’s 
views and consider the unpaired organ on the left side as the mandible. 
The labrum and the clypeus also show asymmetry and these will be © 
discussed separately. 

LaBRruM.—The labrum (PI. 16, fig 1, /) forms the front of the cone 
and is asymmetrical in all the thrips. It is composed of two segments 
closely united and is distinguished from the clypeus (PI. 16, figs. 1, 
c and 2, c) by a membranous connection. It is long, slightly curved 
and bears at the tip a round socket through which the stylets pass (PI. 
16, figs. 3 and 3, a). So far as I know, this condition has not been 
pointed out before. The labrum is drawn out on the right side and 
nears the edge of the clypeus. The clypeus is decidedly asymmetri- 
cal and curves high on the left side, thus forming the. broad part of 
the membranous connection between it and the labrum. 

Maxittu#.—The maxille (Pl. 16, figs, 1, g and 4) form the side walls 
of the mouth cone. ‘They are triangular in form, and taper strongly 
towards their tips which fit closely about the tip of the labrum. About 
the middle of the maxille are borne the maxillary palpi (Pl. 16, fig. 4, 
b) which bear a few tactile hairs. The maxillary stylets, or lobes 
(Pl. 16, figs. 1, 7 and 4, 7 ), are borne at the top and are jointed, being 
composed of a short stout arm and a long tapering stylet. By low- 
ering the angle of the short arm with the main part of the maxilla, 
the stylets are thrust out. The segments in the maxillary palpi 
differ greatly in number and shape with different genera, even in the 
same family. For example, in the family Aeolothripide, members of 
the genus Orothrips have seven segments, of the genus Erythothrips 
-eight segments, and of the genus Aelothrips three segments. The 
usual number in the family Thripide is three although often only 
two occur. In the family Phloothripidae the usual number is two. 
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The segments may be short and stout, as in the genus Orothrips, or 
they may be long and cylindrical as in many of the genera of the 
Thripide. 

Lapium.—The labium (PI. 16, figs. 1, a, 7 and 7,.a) forms the hind 
wall of the mouth cone. Where the mouth cone is blunt, the labium 
is usually very broad and heavy, and where the mouth cone is sharp, 
the labium is narrowed. The labial palpi (PI. 16, figs. 1, & and 7, k) 
are borne near the tip, and the very tip of the labium is lobed and bears 
a tactile hair on each tiny lobe. There is a strong chitinous bar (Pl. 16, 
figs. 7, a—n) extending down near the median line of the labium which 
divides near its base and ends in two peculiar, spear-shaped parts. 
This bar is undoubtedly a strengthening device for the fleshy labium. 
The labial palpi differ as greatly as do the maxillary palpi within the 
different families. In the Phlceothripide they. are usually described 
as having but one segment and in the Thripide usually two, while in 
the family Oelothripidz the genus Orothrips bears five segments and 
the others but four. In most Thripide that I have examined there 
seems to be but a single segment composing the labial palpus. 

Within the hollow of this mouth cone we find the maxillary stylets 
already described, the single mandible on the left side, and an organ 
which I have taken to be the hypopharynx. | 

ManpisL“e.—This is a large, strongly chitinized, styliform organ 
on the left side (Pl. 16, fig. 1, f) and joined by its broad base to the 
chitinous band in the frons just where the connection is made with the 
bar running to the left eye. The mandible is peculiarly fitted to this 
side of the head, and I have been unable to find anything corre- 
sponding to it on the right side, though several authors have described 
a rudimentary part. Although the mandible may differ slightly in 
shape in the different groups, the structure is essentially the same 
throughout. It is made up of a bulbous chitinous base with a strong 
muscular attachment and a long sharp stylet slightly angled at its 
base. 

HyporpHarRyNx.—Just below the mandible and on the base of the 
mouth opening, viewing the mouthparts from the front, is a large styli- 
form organ passing through a groove or socket (which is attached to 
the floor of the mouth opening) and with a strong muscular attachment 
reaching well up under the frons of the head. This I take to be a 
hypopharynx. It has been only partially described before. Jordan 
describes the upper section and suggests that it is a hypopharynx; 
Buffa describes it in part and also figures an epiglottis; Hinds simply 
mentions it but does not attempt to describeit. In none of the accounts 
has it been described as styliform as I have found it inmy preparations. 
This I take to be used much as is the mandible in feeding. 
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Euthrips tritici 
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OBSERVATIONS ON FEEDING HABITS 


The mouthparts of the Thysanoptera are probably used almost 
entirely for sucking although they have been repeatedly described as 
intermediate in form between those of sucking and chewing insects. In 
feeding, the insect begins by a forward and backward movement of 
the head and by this sort of rasping movement punctures the epidermal 
cells of the plant tissue. It then lowers its head and begins to suck 
up the plant juices. It remains here until the punctured cells are 
nearly emptied when it moves on a bit and repeats the operation. 
From the structure of the mouthparts it appears that the strong 
mandible and possibly the hypopharynx are used in breaking the cells 
of the tissues, while the finer stylets of the maxille are using in lancing 
the softer tissues. The tip of the labrum placed over the puncture 
forms a close connection and the juices are easily sucked up into the 
mouth. The whole mouth cone is fitted for sucking and most: likely 
the food is almost entirely plant juices. I have made- observa- 
tions on the greenhouse thrips, Heliothrips hemorrhoidalis and Par- 
thenothrips dracene on leaves of a greenhouse plant, and also on 
Euthrips pyri, the pear thrips, on fruit blossoms, as well as Huthrips 
tritica and Euthrips occidentalis on alfalfa blossoms. The feeding habits 
of the young are similar to those of the adult. 


RESULTS OF FEEDING ON DeEcipvuovs FRUvITS 


On the deciduous fruits the thrips feed on the tender floral parts 
(the tips of the petals of the opening buds and later on the inner floral 
parts including the tender stigma) with very damaging results to the 
setting of the fruit, where the insects occur in any great numbers. 
The injured tissues at first turn brown and later black, often resulting 


EXPLANATION OF PLATE 16 


Fig.1. Head of Euthrips tritici: a, rudiment of chitinous band to right eye; b» 
chitinous band to left eye; c, clypeus; d, chitinous band under frons; f, man- 
dible; g, maxilla; h, maxillary palpus; 7, maxillary stylet; 7, labium k, labial 
palpus; /, labrum; m, hypopharynx. 

Fig. 2. Same with mouth parts removed: a, rudiment of chitinous band to right eye; 
b, chitinous band to left eye; c, clypeus; d, curved spine from chitinous band; 
e-chitinous band. 

Fig. 3. Tip of labrum, side view. 

Fig. 3a. Tip of labrum, under-side showing stylets in position. 

Fig. 4.. Maxilla: e, part of chitinous band; g, main -part of maxilla; h, maxillary pal- 
pus; 2, maxillary stylet. 


Fig. 5. Hypopharynx removed, showing socket and muscular attachment. 
Fig. 6. Mandible removed. 
Fig. 7. Labium ventral side. 


Fig. 7a. Labium dorsal side, showing chitinous rod (n). 
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in premature falling of the flower before setting of the fruit. In the 
Santa Clara Valley I have examined peach blossoms which contained 
a great number of thrips and even before the fruit had had a chance to 
set the damage was so serious that by gently stripping my hand down 
a twig nearly every blossom would fall. The almonds, the first crop 
to blossom, are damaged to a slight extent where the thrips occur 
in numbers, but the prunes, plums, peaches, apricots and cherries, 
which follow in rapid succession, are the fruits which are damaged the 
most. This had been an unusual spring (1913) for thrips and they 
have done serious damage to crops in the Santa Clara Valley. One 
orchardist estimated that nearly two-thirds of the “‘set’’ on his peach 
orchard was destroyed by thrips this year. These trees are commonly 
infested with Huthrips pyri, Euthrips occidentalis, Euthrips tritici, 
and Oelothrips kuwanaii, though Euthrips pyri occurs in much the 
greater numbers. 


DAMAGE TO ALFALFA GROWN FOR SEED 


On alfalfa I have collected quantities of Huthrips tritici and Euthrips 
occidentalis. Though alfalfa is not grown for seed in the Santa Clara 
Valley, I have had a chance to observe the work of the thrips, as the 
insects occur in considerable numbers there. The damage here is 
much the same as in the flowers of the deciduous fruits. The young 
floral parts are attacked, and the damage results in the premature 
falling of the flower or the young seed pod. Though the ovary is 
very pubescent I have observed thrips feeding about the base and also 
along the tender stigma. Often I have found specimens of alfalfa 
where nearly all the small pods had dropped from the main stem and 
only a few remained near the tip. Where this damage could not be 
directly traced to the feeding of Diabrotica soror, and the thrips were 
present in great numbers, the damage was most likely the result of 
thrips attack. ; 
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FURTHER EXPERIMENTS IN THE CONTROL OF THE TAR- 
NISHED PLANT-BUG 


Lygus pratensis Linn. 
By M. D. Lronarp, Ithaca, N. Y./ 


In June, 1914, Professor C. R. Crosby! and the writer published a 
bulletin on the tarnished plant-bug, in which were recorded the results, 
all negative in character, of experiments performed in a nursery near 
Rochester, N. Y., where the insect has been very destructive to peach 
stock. The conclusion was reached by the writers that: 

“The foregoing experiments show that it is doubtful whether the 
injuries to peach nursery stock by the tarnished plant-bug can ever be 
prevented by the use of deterrents, or whether the adult bugs can be 
killed under actual field conditions by any contact insecticide now at 
our disposal. Catching the bugs by mechanical means has thus far 
been unsuccessful. Furthermore, either catching or killing the bugs 
in the nursery would be of very little value in protecting the trees, 
because of the invasion of the blocks by swarms of bugs from adjoining 
fields. It would seem that the only feasible means of preventing 
the injury to the trees would be either by excluding the adults 
from the nursery blocks by a wire screen fence, or by enclosing the tips 
of the terminals in bags during the period in which most of the injury 
is inflicted. It might also be possible to prevent some of the loss from 
this cause by assisting the trees to outgrow the injury by proper 
pruning and cultural methods.” (Crosby & Leonard, 1914:497.) 

The suggestions for future experimental work contained in the above 
statement were followed out in the same nursery during the past sum- 
mer and it is the results of these experiments which are presented in 
the present paper. 


FENCING 


In order to thoroughly test the efficiency of excluding tarnished 
plant-bugs from the nursery blocks by means of a fence, an experiment 
was carried out using wire screen cloth ona much larger scale than that 
of the previous summer. It had been our experience during the 
seasons of 1912 and 1913 that the insects did not appear on the peach 
stock in any considerable numbers till about June 23, and that then, 


'T wish to express my thanks to Professor Crosby, under whose direction the work 
outlined on this paper was done, for assistance in planning and carrying out the ex- 
periments. 
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within a few days, their numbers increased rapidly. Accordingly, in 
order to have the fence up and in working order by that date, its 
erection was commenced on the fifth of June. Ordinary wire screen 
cloth 6 feet wide was used to enclose a rectangular area 470 feet by 240 
feet which therefore contained 2.59 acres. This enclosure was placed 
in a 13-acre block of peach “buds.’’ A narrow strip of ornamentals 
bordered the fence on the west side; the other three sides were sur- 
rounded by peaches. 

Hickory posts 9 feet long were sunk 2 feet into the ground at intervals 
of 10 feet. The wire screen cloth was then fastened to these uprights 
with heavy staples. In order to prevent any insects from crawling 
through open spaces at the bottom due to irregularities of the ground, 
the dirt was banked up firmly 3 or 4 inches at the base. At one corner 
a flap of the wire was arranged so that it could be opened in order to 
admit teams and workmen. Since the rows ran north and south, on 
the inside at the north and south ends the trees were dug out for a 
distance of about 10 feet in order to provide a turning place for the 
mules and cultivator. 

It had been previously observed that though the tarnished plant-bugs 
did not actually fly over the fence from the surrounding weeds or 
nursery stock they would, however, fly onto the fence, crawl to the 
top and then fly into the enclosure. In order to prevent this a strip 
of O.& W. Thum’s Tree Tanglefoot about 4 inches in width was applied 
along the upper edge of the wire cloth. The method of application was 
as follows: Two men worked together, one on each side of the fence. 
Wooden paddles were used, the ends of which were cut at an angle and 
bevelled. The tanglefoot was applied from the outside and pressed 
back and forth until a uniform thickness of about 1/10 inch was 
obtained, the man on the inside always finishing so that the greater part 
remained on the outside of the wire cloth. 

— JIt took two men about an hour to put on such a band of tanglefoot 
100 feet in length. A pail of tanglefoot cone about 25 pounds 
covered about 300 linear feet. 

In another part of the nursery in which about 13 acres of peach 
seedlings were planted, a similar fence was constructed but the enclosed 
area was much smaller, the dimensions being 190 feet by 100 feet. 
Most of the observations were made, however, at the larger enclosure 
as it was nearer to the laboratory. This enclosure was completed on 
the 12th of June and the smaller on the 16th. 

The cost of construction of the two fences together, eoading 
materials and labor is shown in the following statement. 
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Cost oF CoNSTRUCTION 


2,000 linear feet wire screen cloth, 72 inches wide, 12 meshes to the inch, at 


MeEMEMCrOMUNG Ted: SQUAre f6Ch. <6. 2. bcos face ane cet e cee ayes $204.00 
Ne EE PEER DTAOURENC Se yin che ESS 5G, hd CREASE ees WR OR hw eNehe 30.00 
Eaesnsed tor uprights, 200 at 5¢ per pole....... 0.0.0... cee wees 10.00 
Materials and labor 

Wansituction of fence, 145 hrs. at 20¢ per hr....... 2.25... 2 cece eee 29.00 
maps tancliefoot, 40 hrs: at 20¢ per br... +... 2... ec ee ee ee 8.00 
Beemame dirt at bottom, 5 hrs. at 20¢ per-hr......... <0 .... 0. ee 1.00 

Ls os Se a ec eg $282.00 


The peach blocks were first examined on June 4 and at that date a 
tarnished plant-bug nymph in the third instar was found. On June 
6, two adults were captured. On June 9, two adults were taken inside 
the enclosure and four outside; the following day two inside and 
none outside, and on June 10, two inside and one outside. 

In order to determine whether tarnished plant-bugs were getting 
over the fence into the enclosure, careful counts were made at short 
intervals. There were 66 rows inside the enclosure, each about 450 
feet in length. An equal distance was measured off on these same rows 
immediately south of the enclosure as a check plot. Every eighth 
row was selected and the number of tarnished plant-bugs occurring on 
each row recorded. The insects were caught by walking along the 
rows and sweeping the trees with an insect net. The following table 
is a record of these counts made from June 15 to July 24. 


: 
{TaBLe SHowine THE NUMBER OF TARNISHED Piant-Bucs CavucuT PER Row IN THE PEacH BLocks 


Enclosure 
| | | | | 
June fools 4718 | 22 23 25 | 26 30 | Jy.4 | 7 9 | 14 | 15 18 | 24 
| on 
Row 1 2 1 1 4 4 7 20 4 15 4 9 20 32 6 19 
9 0 0 1 3 0 4 6 4 11 12 23 25 22 3 22 


a ee) ee ee ee fe] 


——__ | ——<<— | —__—_j —__ | ee 
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364 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


Check Plot 
Rowell |a2ge On eet 7 8 12 a 9 18 10 20 51 45 9 10 
9.0/0] 2] 6 | 2 | | 6 | a7 | a | 6 | 2 lam len | ao | 16 
ee Caner eon 4 8 18 24 37 iat Puma a7 a8 
2... 2} 0] 6| 5 | 9 | a | 4 | 94 | a | 46 | 78 | 87 1 88 | 26 | 30 
33... 0; 2; 2| 7 | 6 | 40 |-15 | -25 | 33 | 80 | asa | or | 02 | 24 | 20 
ge Hie 1) | oe ele Baie (Se eh ci | 
41. eel | eee i) 7 32 21 29 54 29) 9 eb Oey Lae raesle, 34 17 
49.. 2| 7) 22 9 3 17 32 37 67 | 124 _| 150 84 33 12 
s7...| 0| 0] o| 17 | 4 | as | a2 | 25 | 53 | 99 | 146 | 40 | or | 8 | 22 
65... 0; 1] 3| 19 | 9 | 31 | as | 42 | 70 | a00 Jags | 136 | 169 | a7 | 21 
otal....., 7| 7] 27] 2 | 58 | 226 | 138 | 237 | 347 | 448 | 058 | 967 | 702 | 238 | 166 
| 


It was at first proposed to count, at intervals of several days, the 
number of injured terminals on six rows inside the enclosure and on 
six rows of equal length on the check plot outside of the enclosure. The 
number of trees in each of these rows was therefore counted and the 
percentage of injured terminals was to be determined. The number of 
injured terminals was counted at intervals of 3 or 4 days but it was found 
that by the twenty-ninth of July about 75 per cent of the trees on the 
inside of the enclosure and of those in the check plot had been stung 
and the counts were discontinued. The number of injured trees 
increased at about an equal rate in both the enclosed and the check plot. 
The nursery was visited again on November 8 and there was about 95 
per cent injury both inside the enclosure and on the check plot. 

At the time the fence was erected the number of tarnished plant-bugs 
which had appeared in the nursery blocks was negligible. . By examin- 
ing the totals in the above table it may be seen that during the period: 
in which it was under observation the fence did keep out many of 
the tarnished plant-bugs, in some cases over 50 per cent, but from the 
final condition of the trees inside the enclosure as seen on November 
8 not enough had been excluded to make its use worth while. 

The behavior of these insects on the fence was carefully observed 
from day to day. It was found that very few of the bugs would alight 
on the fence higher than three feet from the ground. They would 
then make their way to the edge of the tanglefoot by walking or by a 
series of flights of six or eight inches each. From this point it required 
but a short flight to carry the insect over the width of the tanglefoot 
and into the enclosure. Some, of course, did not act in this manner but 
after walking or flying about a little returned to the weeds or peach trees. 
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Although the tanglefoot band soon became filled with insects of 
many kinds—flies, beetles and bugs, it was noticed that practically no 
tarnished plant-bugs had been captured. Time and again these insects 
were seen to either crawl or fly onto the tanglefoot, walk about upon 
it, and then either crawl back onto the wire cloth or proceed to the top 
of the band and fly into the enclosure. This was not due to the fact 
that the tanglefoot did not remain sticky for it caught other insects con- 
stantly. But one tarnished plant-bug was observed to crawl through 
the meshes of the wire cloth and this one only when a cyanide bottle 
had been placed over it. 

On November 8 the peaches were examined and when the enclosed 
block and the check block were compared as a whole no difference 
could be seen in the growth of the trees as affected by the tarnished 
plant-bug. 


BAGGING 


When the tip of the leader on a peach nursery tree is “‘stung’’ by 
the tarnished plant-bug the upward growth of the tree is checked, the 
nourishment is thrown into the laterals, and a short. bushy tree which 
has lost much or all of its market value is the result. 

In July and August, 1913, preliminary experiments were performed 
in protecting the terminals of the peach trees from tarnished plant-bug 
injury by placing paper, mosquito netting and cheese-cloth bags 
over them. From the results obtained it seemed that it might be 
feasible to protect the tips by means of five-pound unglazed paper bags 
without injury to the foliage. Accordingly on June 18, 1914, before 
any of the tips had been stung, row 15 south and west of the fenced 
enclosure consisting of about 450 trees, was bagged with five-pound 
unglazed paper bags. These were placed over the tips so as to leave 
about three inches between the tip of the leader and the bottom of 
the bag in order to allow for some growth. The bags were folded once 
at the bottom so as to close the opening as completely as possible and 
fastened together with two pins. It was found that one man could 
put on 100 bags in slightly less than an hour. 

On June 26 these bags were examined and it was seen that as the 
tips of the young trees were still tender they were being bent far over 
to the east, due to the weight of the bags and the constant west winds 
which continually blow over the nursery blocks. On this date 300 bags 
were placed on trees in the first row west of the enclosure. 

On June 30 all the bags were removed as it was found that they 
were impeding the growth and destroying the shape of the trees. On 
row No. 1 the foliage under the bags was somewhat cramped, though 
not greatly so as they had been on only four days. The tips, however, 
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were badly bent over to the east and several were broken. off. On row 
No. 5 in most of the cases in which the pins had not been stuck through 
several leaves the bags had been blown off. Those bags which still 
remained on the trees had bent the tips over at right angles or even 
farther. It was evident that it was wholly impracticable to place bags 
over the terminals at this date because they were as yet too tender 
to stand the strain due to the weight of the bags in the wind. This 
method of protecting the peach trees from the attacks of the tarnished 
plant-bugs was, therefore, abandoned. 


PRUNING 


Phillips (1906) described a method of pruning to overcome a similar 
trouble of peach nursery stock. Although he attributed the injury 
to an undetermined species of mite, the system of pruning recom- 
mended by him would apply equally well if the injury were caused 
by the tarnished plant-bug. His experiments are as follows: 

“He attempted to assist the tree to outgrow the injury by judicious 
pruning in May and June. On May 18, injured trees were pruned by 
pinching off the terminal bud, which had ceased to grow, giving one of 
the side shoots near the tip an opportunity to push up almost straight. 
The tips of the other laterals were also pinched off so as to throw the 
growth into the bud that was left at the top. On August 15 an exami- 
nation showed that of the pruned trees, 68 per cent and 73 per cent of 
Wonderful and Champion, respectively, had grown straight. Unfor- 
tunately, no check is available for comparison, and it is also to be noted 
that only 13 per cent of the total number of trees were injured in the 
first place, which is a very much smaller percentage of injury than is 
common in nurseries in New York. On June 22, other trees of an 
unknown variety were similarly pruned, except that some of the 
lower laterals were cut off close to the trunk. In this case only 
twenty-five trees were treated. By the 15th of August, 88 per cent of 
the pruned trees had grown up straight.’’ (Crosby and Leonard, 
1914:491.) 

Back and Price (1912:334) state that this method of pruning is 
‘worthless during the period of greatest activity of pratensis, for as 
fast as a new shoot was formed, the terminal bud was at once killed.” 
Quaintance (1912:108) quotes a letter from a Maryland nursery firm 
in which the following statement is made: 

“The past summer we kept a gang of men going over our peach 
blocks and cutting or heading-in the side branches in order to throw 
the growth to the terminals and make them start a second growth. | 
In this way we got our trees to start to grow and the most of them 
finally outgrew the trouble. We know no other remedy than to cut 
the side branches back two or three inches.” 


= — 
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Because of the favorable results obtained in Maryland and Virginia 
it was deemed advisable to give this method of pruning the trees a 
trial. On July 29, injured trees in three rows were treated as follows: 

Row a. Forty trees were pruned by cutting off the injured leader 
down to the first healthy lateral below it. Three or four of the other 
top laterals were then headed in 5 or 6 inches in order to throw most of 
the growth into the one chosen to continue the upward growth of 
the tree. 

Row b. Fifty-seven trees in this row were similarly pruned except 
that about ten of the higher laterals on each tree were headed in. 

Row c. ‘Twenty-five trees were pruned in the same manner as were 
those in row } but in addition the lower laterals were cut off entirely 


‘to a height of about twenty inches. It is the practice in this nursery 


to trim off the lower laterals some time in August or later in the season, 
depending somewhat upon the condition of growth of the trees and the 
availability of labor. This last method was, therefore, simply the 
regular fall pruning made at an earlier date. 

On November 9 the peach blocks were visited and the pruned trees 
examined. The results were, on the whole, unsatisfactory. The 
laterals of all the peach trees in the nursery had made good growth 
since they were last examined on July 29, due to plentiful rains in ~ 
August. The weather during June and July had been extremely — 
dry. However, no difference could be noticed between the amount 
of growth made by the pruned trees in rows a and 6 and the unpruned 
trees about them. In ‘row c three or four of the pruned trees had 
practically outgrown the injury, these, however, constitute only about 
12 per cent of the trees treated in this manner. 

The early pruning of the lower laterals at such time as most of the 
tarnished plant-bugs will have left the peach blocks seems to give 
promise of aiding the trees to outgrow the injury. Much depends, 
however, on the condition of the weather and the amount of growth the 
trees make after being pruned. No further conclusions can be drawn 
as to the exact value of this operation until it has been tried out on 
a much larger scale. 
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NOTE ON THE LIFE HISTORY OF ENCHENOPA BINOTATA 
SAY (MEMBRACIDZ) ON THE BUTTERNUT! 


W. D. FUNKHOUSER 


Enchenopa binotata Say occurs in abundance in the vicinity of Ithaca, 
N. Y., on the butternut, and its life history on this host differs in some 
interesting respects from that which has usually been described for 
this insect. 

The species is well known and widely distributed throughout eastern 
United States and its unique form and interesting habits have been 
productive of numerous references to its appearance. Dr. J. A. Lintner 
in 1882 described in some detail its habits and particularly its peculiar 
egg-mass in his First Report? and Matausch has given an excellent 
account of its usual life history with a complete series of drawings 
showing the froth-covered egg-masses, eggs, consecutive instars of the 
nymphs and views of the adults in his paper in 1912 in the Journal of 
the New York Society.* 

The most characteristic feature of the life history of this species of 
membracid as compared with other Membracide& is its peculiar habit 
of covering its eggs with a frothy mass which has often been confused 
with other insect deposits. The eggs are usually laid in two nearly par- 
allel slits in the bark and the froth is placed over the slits in curious 
corrugated layers. This has often been observed on bitter-sweet, locust, 
grape and certain viburnums and on the hop-tree (Ptelea trifoliata L.) 
on which the insect appears to be particularly abundant and which 
Lintner states is its favorite host. The nymphs are gray-brown, some- 
times tinged with greenish, and the adults light ferruginous brown with 
characteristic yellow bands on the pronotum. The males are usually 
darker than the females. These habits are to be noted commonly in 
this locality when the insect chooses for its host the locust (Robinia 
pseudacacia L.) or the bitter-sweet (Celastrus scandens L.) on both of 
which plants it is very common. Locally, however, the species is much 
more abundant on the butternut (Juglans cinerea L.) than on any other 
host, and it is on this tree that it deviates from its usual habits. 

It was first reported as inhabitating the butternut by Fitch in 1851 * 
but apparently its life history on this host has not been recorded. Here 


1 Contribution from the Entomological Laboratory of Cornell University. 

2 Lintner, J. A. First Annual Report on the Injurious and other Insects of the 
State of ee York. Albany, 1882, 281-288 p. 

3 Matausch, I. Observations on the Life History of Enchenopa binotata Say. 
Journ. N. Y. Ent. Soc., March, 1912, Vol. XX: No. 1, p. 58-67, pls. V and VI. 

4 Fitch, Asa. Pourth Annual Report of the Teewanis of the University of the State 
of New York on the State Cabinet of Natural History. 1851. 
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the eggs are laid, not in the bark of the slender twigs, but at the base of 
the buds and in the buds themselves. In oviposition the female rests 
on the bud with the head pointed towards the apex and inserts the ovi- 
positor in the base of the bud, usually between two of the lower scales, 
especially when the winter eggs are being deposited. The ovipositor 
sometimes enters the twig just below the scales but in almost all cases 
the insect has some part of its body resting on the bud. Oviposition 
lasts from ten to twenty minutes after which the insect moves slightly 
around the twig or to a neighboring bud and repeats the process; three 
consecutive ovipositions by one female have been noted in the field. 
' This process is most commonly observed during the latter part of 
August. The egg-slits are rather large, about 1.5 mm. long at the 
opening and 3 mm. long at the bottom of the slit, and since the buds 
at the time the eggs are laid, are not usually more than 6-8 mm. in 
diameter, and the twigs below the buds, which are occasionally in- 
fested, about 5-6 mm. in diameter, the egg-mass occupies a considerable 
part of the host. Two such slits are made, side by side, and about 2 mm. 
apart. They diverge at the bottom, however, the planes of the slits 
being at a considerable angle, so that the bottoms of the slits are some 
distance apart, often at opposite sides of the bud. In each of these 
punctures from three to six eggs are laid, the usual number apparently 
being five on each side. The eggs are about 1.5 mm. long and .3 mm. 
in greatest diameter, often slightly flattened, somewhat curved, more 
or less flask-shaped and of an opaque white color. The eggs are seldom 
covered with the frothy deposit so characteristic of this species on 
other hosts. At first I believed that it was never present, but I have 
occasionally succeeded in finding it. When present it is not white but 
a dirty yellow and much thinner and smoother than that which covers 
_ the eggs on the locust, on which host I have often seen the insects excrete 
the substance. JI have never found this frothy mass on the buds but 
only on the twig at the base of the bud. Whether the epidermis of the 
butternut is or is not conducive to this method of egg protection would 
be a matter of conjecture. | 

The nymphs first appear locally about the first week in May. The 
earliest field record is May 3, 1912. There are five instars, each of 
which may be recognized by more or less distinct characters of the 
thorax and abdomen. The nymphs are covered with a white powdery 
coat which is almost woolly in the younger stages. On the butternut 
the nymphs retain this white covering throughout the entire five stages 
and the last nymphal skin is snowy white, particularly onthe thorax and 
on thesides of the abdomen. The opposite is true of the nymphson other 
hosts, which, as observed by Matausch (ibid., p. 65), lose this powdery 
coating after the second molt. The development of the nymphs re- 


~, 
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quires approximately six weeks; a colony which had just emerged on 
May 10, 1918, was enclosed in netting and of these the first adults 
appeared on June 21. 

The ecdysis consumes from ten to fifteen minutes, the epidermis 
first splitting on the top of the head, then down the dorsal line of the 
thorax and finally down the abdomen. The head is first released, 
appearing rather suddenly, the legs are withdrawn more slowly, and 
the abdomen gradually worked out of its old skin, leaving a very per- 
fect exuvium. For the last molt the insect moves to the underside of a 
leaflet and fastens itself securely by the first two pairs of legs. The 
newly emerged adult is very soft-bodied and almost white, but the 
normal colors appear in about forty-five minutes. 

The adults are first seen in large numbers about the first of July. 
There is no evidence to show that they winter over in the adult stage. 
They are usually found grouped about the petioles of the leaves, some- 
times on the leaflets, rarely on the twigs and. never on the trunk. 
Unlike most of the local forms of the family, they are often found high 
up on the trees, although generally preferring the sunny ends of the 
lower branches. They are very active and fly well, leaving the petiole 
with a quick ‘‘snap”’ and flying occasionally for several hundred feet. 
The adults are most numerous in this vicinity in late July and early 
August and at this time are very abundant. On August 9, 1912, over 
200 individuals were collected from one tree in the course of a half 
hour’s collecting and on July 22, 1914, 162 specimens were taken from 
the lower branches of another tree in a few minutes by three persons 
collecting. The insects on the butternut are much darker in color 
than the individuals on other hosts. The males and females are alike 
in color, both being of a very deep brown, almost black, and both sexes 
being darker than the males of the species usually appear. So notice- 
able is this, that when mounted in a cabinet with specimens of the 
same species collected on other hosts, the difference is at once remarked. 
It would be interesting to know whether the sap of the butternut on 
which the insects feed, has anything to do with this variation in 
color. : 

It is interesting to note that locally, at least, Enchenopa binotat 
is not attended by ants, and there seems to be no record of such atten- 
dence in literature. This is rather remarkable in view of the fact that 
most of our Membracide, particularly in the nymphal stages, are so 
attended. The nymphs of this species show the same extended anal 
tube as the nymphs of those species which excrete the fluid which 
attracts the ants, and they appear in numbers sufficiently large as to be 
easily discovered by the latter if there was any occasion for this mutual 
relationship. It should be noted in this connection, however, that 
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Baer has described! a species of the same genus, Enchenopa ferruginea 
Walk., as being attended by ants, and he has observed this species 
giving off the so-called ‘‘ honey-dew.”’ 

Enchenopa binotata appears commonly in this vicinity on locust, 
bitter-sweet, wild grape, sycamore, hickory and willow, as well as on 
the butternut but on none of the former hosts does it show the dark 
color, the absence of the frothy deposits or the habit of laying eggs in 
the buds. 

This species appears to be of decided economic importance, since it 
has been reported on a wide variety of host plants and has been known 
to seriously injure many of them. In the case of the butternut the 
buds are often entirely destroyed and adventitious growth is found 
starting from beside the punctured buds which have failed to develop. 

I am indebted to Miss Leona Smith for a very fine series of both 
nymphs and adults of this insect, all collected from the butternut. 


EFFECT OF LOW TEMPERATURE ON THE OYSTER-SHELL 
| SCALE 


(Lepidosaphes ulmi Linn.) 
By R. L. WEBSTER 


The writer has already noted in general the fact that certain low 
temperatures of January, 1912, killed the eggs of the oyster-shell scale 
in many localities in Iowa.? Late in 1912, nearly a year after the 
extreme cold weather, some further data were obtained on the subject. 
Circular letters requesting samples of the scale were sent out from the 
office of the State Entomologist to correspondents that had previously 
sent in specimens. Again in December, 1914, letters requesting addi- 
tional scale-infested twigs were sent out. All these samples were 
examined by the writer for sound eggs. 

The results in the two years were very different. In the first case, 
scarcely any scales containing sound eggs were found. In the second, 
however, most of the samples contained scales with sound eggs. The 
scale had been practically wiped out in 1912, but in January, 1915, had 
regained most of the lost ground. 

An account of the examination of the samples follows. The notes 
used are from the files of the entomological section of the lowa Agri- 
cultural Experiment station at Ames. 

In order to understand the significance of these observations a brief 
outline of the life history of the oyster-shell scale is necessary. During 


Baer, G. A. Note sur un Membracide myrmecophile. Ann. Soc. ent. France, 
1903, LX XII: Bull. 306. 
2 Journ. Econ. Ent., Vol. 5, p. 470, 1912. 
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the winter the insect exists in the egg stage, under the scales on the 
bark of apple and other trees. Near Ames the eggs hatch from about 
the 10th of May to the Ist of June, depending on the season. The tiny 
crawling young soon settle down on the bark of the infested tree and 
proceed to secrete their scaly covering. This is finished in July and 
late in that month the eggs of the scale insect begin to appear under the 
mature female scales. There is a single generation, and from the first 
of August until about the middle of May, a period of nearly ten months, 
the eggs only are present beneath the scales. 

Most of the reports of injury by this insect are from the northern 
half of the state, as shown in Figure 14. Normally, at least in the last 
ten years, orchards in this part of the state have been especially sus- 
ceptible to the scale. Although it occurs in southern Jowa, it is 
seldom injurious there. 
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Figure 14.—Localities in Iowa where the oyster-shell scale has been reported as 
causing damage. 


Several hundred scales were examined from each sending, enough to 
form an accurate idea of the condition of the eggs. As arule a number 
of apple twigs were sent, and scales from every twig were examined. 


CONDITION IN WINTER OF 1912-1913 


Fifty-four samples of scale were received in response to the first 
circular letter. These represented 45 localities. Sound eggs were 
common in only 6 samples. In 6 others there were traces of sound 
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eggs, but these were so rare that no counts were made. All the remain- 
ing samples contained no sound eggs, showing that even at this time, 
nearly a year after the extreme low temperature, the insect had not 
begun to regain the lost ground. 

Figure 15 shows the condition of the scale in the winter of 1912-1918, 
together with isotherms of minimum temperatures for January, 1912. 
All the temperature records are taken from the Iowa Climatological 
Service of the Weather Bureau, Report for January, 1912. 
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Figure 15—Localities in Iowa where the oyster-shell scale was killed in January, 
1912, where it survived, with isotherms of minimum temperatures for January, 1912. 


All the localities where no sound eggs were present are included 
north of the -32° isotherm. That is, a temperature of -32° F. evi- 
dently was too cold for the eggs to survive. That they did not survive 
this temperature is shown by the fact that the scale did not breed in the 
area north of the —32° isotherm, in the summer of 1912, and so no live 
eggs were found beneath the scales that fall. Many scales remained 
on the trees, but there was nothing living beneath them. 

On the other hand, in Marshall county, where the minimum tem- 
perature was —31°, many scales contained live eggs in the fall of 1912. 
From the data at hand, it would appear that eggs might safely with- 
stand a temperature of —31°, and yet succumb at -32°. However, 
since the temperature records and samples of scale frequently were 
taken in slightly different localities. there is some opportunity for 
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error. Accurate experiments are necessary to establish the precise 
temperature at which the eggs are killed. 

In the previous article I mentioned that a very few young insects 
hatched out at Ames in the spring of 1912. However, this was observed 
on a single tree, and on only one branch of that tree, a branch close to 
the ground on the southeast portion of the tree. Most probably this 
limb had been protected by snow during the extreme weather, so that 
it was not subjected to quite so severe cold as the rest of the tree. On 
the rest of this tree, and on other trees in the orchard, the eggs were all 
killed. 

The fact that empty scales remain on infested trees for several years 
after the insect has died, and the eggs beneath have hatched out, is 
misleading to most people. A branch of wood may be literally in- 
crusted with scales, yet an actual examination of these show that very 
few or none of them contain anything alive. Such was the case in the 
fall of 1912, when only rarely were scales found that contained any- 
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Figure 16—Condition of oyster-shell scale in January, 1915. 


CONDITION IN WINTER OF 1914-1915 


Only 3 samples of the scale were received in response to the request 
of December, 1914. More replies than this were received, but no 
samples of scale were sent.. For instance, in 9 cases the parties ad- 
dressed could not find samples to send in, though previously they had 
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sent infested twigs. It appeared that the scale had been checked 
severely in those localities. 

In 7 cases samples sent in contained no sound eggs beneath the 
scales. Here it was clear that the insect had not recovered from the 
check received in the winter of 1911-1912, since no indications of life 
were present 3 years later. 

However, in 24 localities, sound eggs were present beneath the 
scales. This is in striking contrast to the previous report. In certain 
counties in northern Iowa where the insect had been apparently wiped 
out, according to scales examined 2 years before, were now (January, 
1915) well infested with scales containing sound eggs in abundance. 
In 2 years the condition had returned, in these localities, to one similar 
to that immediately previous to the’ winter of 1911-1912. 


CONFUSION OF RHOPALOSIPHUM HIPPOHAES KOCH;! 
AND MYZUS BRAGGII GILLETTE 


By C. P. Grutetts, Ft. Collins, Colorado. 
Rhop. hippohes Koch. 


_ Rhop. hippohes Koch.—Pflanzenlause, Aphiden, p.-28, 1854. 

Phorodon galeopsidis Pass—Aphide Italice, 1860. 

Phorodon galeopsidis Kalt——Buckton, Monograph British Aphidide, V, I, p. 171, 
1876. . 

Rhop. hippohes Kalt.:—Schouteden, Catalogue des Aphides de Belgique, 1905, p. 
235: 

Myzus eleagni, del Guercio:—Davis, Annals Ent. Soc. of Am., V, 1, p. 251, 1908. 

Phorodon galeopsidis Kalt.:—Davis, Jour. Econ. Ent., p. 325 and 331, 1911. 


_ I believe the preceding bibliography and synonomy and the follow- 
ing brief discussion of the literature upon the above species will help 
to straighten a rather bad tangle in aphid literature. | 

Koch took his Rhopalosiphum hippohes from the shrub Hippohe, in 
the month of June. It happens that this plant serves as the over 
winter host for both the species under discussion and Koch, both in 
his descriptions and his figures, gives the alate form of hippohes and 
the apterous form of braggii, or a closely allied species, which is not at 
all strange, as these two species are remarkably alike in coloration and 
general appearance. 

Kaltenbach took his Aphis galeopsidis from species of Lamium, 

Polygonum and Stachys during September, which are the summer 
hosts. The apterous lice had capitate hairs and both apterous and 


1 This species probably belongs in the new genus Capitophorus Van der Goot. See 
Zur Systematic der Aphiden, p. 84, 1913. 
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alate forms had clavate cornicles and a strong tubercle on the inner 
surface of the second joint of the antenna. 

Not having the papers of Walker and Passerini, I shall have to omit 
their comments, but Buckton has evidently made the same mistake 
as Koch in confusing the two species except that he has figured what 
- seems to be the apterous form of hippohes and the alate form of braggit, 
and mentions as food plants species of Galeopsis, Lamiwm, Stachys, and 
Polygonum, and states that the specimens figured were from Polygonum 
persicaria in September. 

Schouteden evidently had the true sexual forms of hippohes, both 
of which he described with clavate cornicles, the specimens figured 
being from Hippohes rhamnoides and Elewagnus sp., but he does not 
mention the date. 

Davis, in his paper in Annals, 1908, describes and figures the winged 
and wingless viviparous female, and the oviparous female, and refers 
to the original descriptions of Myzus braggit in Canadian Entomologist, - 
January, 1908, for the characterization of the winged male and the 
winged and wingless viviparous females, but braggii always has cylin- 
drical cornicles so that, once more, the two species were confused. 

There is no doubt which species Davis had as he describes the cla- 
vate cornicles and gives a good figure. Professor Davis also took his 
specimens on Elwagnus in September. 

Then, in his paper in JOURNAL OF Economic ENTomo.woey for 1911, 
p. 325 and plate 10, Mr. Davis has given descriptions and figures of 
hippohes which seem to be identical with his descriptions of eleagni 
(hippohes) in Annals, mentioned above. It seems that Davis either 
made a mistake in sending del Guercio a cylindrical, cornicled braggit 
(hippohes) for determination, or else del Guercio made the mistake of 
overlooking the cylindrical cornicles in the specimens Davis sent. If, 
on the other hand, the elwagni described by del Guercio had clavate 
cornicles, it seems extremely probable that he was working with 
hippohes. | 3 

At Fort Collins we find braggii common and often very abundant 
upon the Canada thistle (Cirsium arvense) during the latter part of 
summer and early fall every year, and it also occurs on artichoke, 
Cynara, Scolymus; the winter hosts are the Russian olive, Hippohes 
rhamnoides and Shepherdia arvensis. Rhop. hippohes we take upon 
Polygonum during the summer and upon Russian olive and H. rham- 
noides during the fall, winter and spring. We have never. found the 
form with clavate cornicles upon the Canada thistle; neither have we 
found the form with the cylindrical cornicles upon Polygonum, or 
Persicaria, but both forms occur upon the Russian olive (Eleagnus) 
and Hippohes. 
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Myzus braggii, Gillette: 1. alate viviparous female; 2. apterous viviparous female; 3. alate male; 
4. oviparous female; 5. antenna of stem female; 6. antenna of spring migrant; 7. antenna of male; 8. an- 
tenna of oviparous female; 9. cornicle of oviparous female; 10. hind tibia of oviparous female. 

Figures 1-4 enlarged 20 diameters; all others 80 diameters. 
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Rhopalosiphum hippohes: 1. alate: 2. apterous viviparous female: 3. alate male; 4. oviparous female; 
5. young male; 6. antenna of stem female; 7. fall migrant; 8. apterous female; 9. oviparous female; 10. hind 
tibia of oviparous female; 11. cornicle of oviparous female. Lice all enlarged 20 diameters, and all other 
figures 80 diameters. Drawings by Miss M. A. Palmer. 
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During the fall of 1913, hippohes was traced from Persicaria to 
Eleagnus and Hippohes, where the oviparous females were deposited, 
the winged males coming later. In the spring of 1914, branches of 
Eleagnus and Hippohes rhamnoides having eggs of Rhop. hippohes 
and Myzus braggii were taken to the insectary where they hatched 
and the second brood developed wings in both species. Rhop. hippo- 
hes was placed upon Persicaria where the alate specimens immediately 
gave birth to young which remained on the plant. These passed 
through ten generations on this plant. Myzus braggit was placed upon 
the Canada thistle and was reared with equal success. 

The figures on Plates I, and II, will indicate how distinct these two 
species are. 

Another species of Rhopalosiphum, closely allied to hippohes but 
more robust, with capitate hairs upon the dorsum of both the apterous 
and alate forms and with filament of antenna much shorter than in 
hippohes, has been taken repeatedly upon Elewagnus and Hippohes 
but the summer host has not been found. It is very well represented 
by Koch’s Figure 37, except that the cornicles are clavate near the 
end as in hippohes. 


A DESTRUCTIVE PINE SAWFLY INTRODUCED FROM 
EUROPE. 


Diprion (Lophyrus) simile Hartig 


By W. E. Britton, State Entomologist, 
New Haven, Conn. 


On August 27, 1914, in company with my assistants, Messrs. I. W. 
Davis and M. P. Zappe, while inspecting a nursery in New Haven, a 
few scattered sawfly larve were noticed feeding upon the foliage of 
pine trees six to eight feet tall. This work was continued for the next 
few days and, in one part of the nursery, where several species of pines 
were planted for exhibition and sale, the larve were rather abundant, 
and the men spent an hour or more gathering all that could be found 
and the material was taken to the laboratory. 

Supposing it to be a native and not uncommon species, and knowing 
that Dr. A. D. MacGillivray, who has prepared the portion concerning 
sawflies for the forthcoming Hymenoptera of Connecticut, was study- 
ing sawfly larve, some of this material was sent to him and the remain- 
der placed in breeding cages in our insectary. Dr. MacGillivray 
did not recognize the species from the larve but thought that he might 
identify it if the adult stage could be obtained. On April 8, 1915, a 
male emerged from a cocoon in one of the cages, followed by others, 
and on April 15 a female appeared. Some of the males and females 
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were transferred to cages containing small potted white pine plants 
and eggs were soon obtained. | 

On April 21, I wrote about this to Dr. MacGillivray, who at once 
examined his cages and found some adults. He stated that he did not 
know the species but that it belonged to the genus Diprion formerly 
known as Lophyrus. The species are badly confused and he recom- 
mended that we send material to Mr. 8. A. Rohwer, of Washington, 
D. C., who is at work on the group and has examined many of the 
types in the British Museum. Consequently some adults of both 
sexes, an inflated larva and a pupa case were submitted on May 6, to 
Mr. Rohwer who wrote as follows: 

‘‘T have determined this species, tentatively, as Diprion semile Har- 
tig. The adults agree more closely with those in the collection under 
the name pini but the larve answer exactly the description of simile, 
and as these two species are very closely allied and easily confused in 
the adults I have made the determination from the larve rather than 
from the adults. 

“This species is one of the most injurious sawflies on European 
conifers and has been associated in practically all of the depredations 
caused by pinz, and is recorded in the literature in a number of cases 
under the name of pint. You are no doubt familiar with the economic 
importance of Diprion pint in Europe. It is highly important that 
immediate measures be taken to combat this injurious insect as it has 
a large number of host trees and would no doubt adapt itself readily to 
the conditions in America, where, if it were thoroughly established 
without its parasites, it would do a great deal of damage.” 

The appearance of this insect in all its stages is shown on plate 19 
and briefly may be described as follows: 


Eac.—The eggs are laid end to end in slits made along one of the ridges at the 
edge of the needle. The eggs are pale blue in color, smooth and slightly shining. 
The sides are parallel with the ends rounded. Length, 1.25 mm., thickness, .33 mm. 
In the material examined the newly laid eggs were slightly separated in the slits. 
The eggs before hatching increase in size, becoming crowded in the slits so that the 
ends are flattened like peas in a pod. 

Larva.—Length, 25 mm. (1 inch) to 28 mm. (1!/s inches).. Thickness, 4 mm. 
(/32 inch). Head black, body greenish yellow with a mid-dorsal double stripe of 
brown extending the entire length. On either side of the dorsal stripe is a yellow 
stripe broken with transverse markings of brown. The remainder of sides dark brown 
with many irregular yellow or whitish spots. Ventral surface pale yellow or white. 
Pro-legs yellow with a transverse black mark at base, true legs marked with black 
and yellow. 

Cocoon.—9 mm. long (about 3/3 inch), thickness about 5 mm., oval in shape, 
tough leathery and fairly smooth. Color, sepia. 

Mae.—Wing-spread, 14 mm. (°/;, inch). Length, 7 mm. Large pectinate 
antenne. Head and pronotum coarsely punctured. Head, antenne and body, 
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black. Cerci and tip of the last abdominal segment, orange. Legs yellow, with the 
trochanters and basal two-thirds of the femora, brownish black. 

FHMALE.—Wing-spread, 20 mm. (little over 3/, inch). Length, 8 mm. (5/16 
inch). Robust, head and antenne black. Thorax coarsely punctured, yellow with a 
large shield-shaped black spot on mesothorax, extending from the anterior margin 
and covering about two-thirds of the space between the parapsidal grooves. On 
either side are a pair of L-shaped black marks which approach each other posteriorly. 
Posterior margin of the mesothorax, postscutellum and prosternum, black. Ab- 
domen yellow with dorsal surface of 3d, 4th, 5th, 6th, and the anterior portion of 7th 
segment, black. Legs yellow with the outer surface of hind femora, the apex of the 
middle and hind tarsi, dark. 


Lophyrus similis Hartig is mentioned by Kaltenbach! as occurring 
with L. pini, the larve appearing in June and the adults from July 
to September. Judeich-Nitsche? also include this species with L. pint, 
L. rufus and L. pallidus and state that the full-grown larve will each 
devour from six to twelve needles per day, preferring the old needles. 

More recently, however, Dr. L. Reh® places szmile as a synonym of 
pin, and states that it is one of the most important species of the 
genus, feeding upon all kinds of conifers and having two generations 
each year. The young larve feed upon the edges of the needles leav- 
ing only the midrib but later they devour the entire needles. The 
summer brood makes cocoons on the branches of the tree, and the fall 
generation makes cocoons on the rubbish underneath it. 

For several years Lophyrus pini has seriously damaged the pine 
forests of Southwestern Russia,* especially the young trees. This 
species was particularly destructive in France? in 1906, and it has also 
done damage in Prussia and in Sweden. In England it is said to in- 
jure Scotch Fir’ as well as pine.’ 

In the Connecticut nursery the larve were found feeding upon the 
white pine, Pinus strobus; the Austrian pine, P. laricio var. austriaca, 
P. flexilis and P. densiflora. These trees were sprayed with lead arse- 
nate in September. 

In Europe raking up and destroying the leaves and otlrer rubbish 
under the trees in fall is recommended to destroy the cocoons. 

Spraying the foliage with arsenate of lead will also prove effective. 

It is hoped that entomologists will be on the watch for this insect 


1 Die Pflanzenfeinde, p. 700, 1874. 

* Forstinsektenkunde, p. 635, 1895. 

* Handbuch der Pflanzenkrankheiten, Die Tierischen Feinde, Dritter Band, p. 598, 
1913. 

* Review of Applied Entomology, Vol. I, pp. 395 and 493, 1913. 

° A. Barbey, Traité D’Entomologie Forestiére, p. 269, 1913. 

®W. E. Collinge, A Manual of Injurious Insects, p. 217, 1912. 

7 E. A. Ormerod, Manual of Injurious Insects and Methods of Prevention, p. 250, 
1890. 
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which has been imported into the United States and apparently become 
established here. Its method of introduction is, of course, unknown 
but it is probable that a few cocoons on the branches or in the pack- 
ing material of pines from Europe were overlooked by the inspector. 

Mr. Rohwer has kindly furnished the following references, which 
apply only to D. simile: 


HartiG, T.—1834. Forstliches Convers—Lexicon 2. Aufl. p. 987. (Original 
account.) 

Hartic, T.—1860. Die Familien der Blattwespen und Holzwespen, p. 160, pl. III, 
fig. 9 (Original description and a short account of life history and 
presence around Berlin and Stettin.) 

Baer, W. —1905. Lophyrus similis Hart.—Naturwissenschaftliche Zeitschrift fiir 
Land- und Forstwissenschaft. vol. 4, H. 2, p. 84-92, 10 fig. (Con- 
tains many notes but publication is not at present minute available, 
so cannot be summarized.) 

Forstvs, R.—1911. Medd. Soc. Fauna Flora Fennica, vol. 13, p. 183. (Presence 

in Finland in 1910.) 


Reviews. 


Key to the Families of North American Insects, an Introduction to 
the Classification of Insects, by CHartes T. Brugs and A. L. 
MELANDER. Published by the Authors, Boston, Mass., and Pull- 
man, Wash., 1915, pp. i-vill, 1-140. 


The past twenty years have witnessed a wide departure from the primary seven 
principal orders of the early entomologists, a process which has advanced by gradual 
stages and appears to have reached its climax in this tabulation. Most entomologists 
recognize the necessity of more exactly defining the larger groups and though by no 
means all will agree with the system adopted in this work, they must admit that it 
presents within a very brief compass, considering the complexities of the subject, an 
excellent analytical key. A most praiseworthy feature, not always seen in technical 
works, is the evident attempt to correlate the system with earlier ones and particu- 
larly to establish a definite relation with economic forms. There are, in addition to 
the keys, a conspectus of the higher groups of insects, five classes being recognized, 
brief statements of the ordinal characters, a series of 18 line plates illustrating typical 
forms or structures, a glossary and indices of both scientific and common names. 
This laboratory manual will be exceedingly helpful to all entomologists and we hope 
it may prove a potent factor in establishing a more satisfactory arrangement of the 
larger groups of insects. 


Erratum. Page 269, line 2 for Carpophilus latinasus read Caulophilus latinasus. 


BRITTON: A DESTRUCTIVE EUROPEAN SAWFLY Plate 19 


+ 
; 


a 
e 
Dp 
i 
a 
/ 


1. Adults, twice natural size; 2. Eggs in pine needle, about 


Diprion simile: Hartig. 
4 times enlarged; 3. Cocoons. natural size; 4. Larvee feeding on pine, natural size. 
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The summer meeting in California deserves the hearty support of 
every active entomologist. It will afford one of the best opportu- 
nities of getting into closer touch with a large body of aggressive in- 
vestigators, who, partly on account of the peculiarities of their prob- 
lems and also because of distance, are somewhat separated from 
the eastern students, though we are all in a land where there is no 
East or West, no North or South, scientifically speaking. The west- 
ern men are of themselves capable of making this gathering a notable 
one in the annals of science. The eastern students of insect life have 
a duty, though extremely pleasant, in relation to this meeting. It is 
earnestly hoped that all sections of the country may be adequately 
represented at the coming meeting. 


Substantial progress, it will be noted by referring to the Current 
Notes, has been made in the preparation of the Index of Economic 
Entomology, the continuation of the well known and frequently used 
Bibliography of American Economic Entomology in what is hoped 
will prove a more useful and convenient form. Publications of this 
kind are frequently consulted with little thought of the labor, often 
thankless, involved in their preparation. The work now being com- 
piled covers a decade and is going to prove immensely helpful to every 
progressive worker. ‘The compiler should have every possible assis- 
tance and it is very probable that a few words of appreciation for the 
man who has the patience to carry such a work through to completion 
would not come amiss. There must be many entomologists who have 
a personal as well as a professional interest in the publication of any 
such compilation. 
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Current Notes 
_ Conducted By The Associate Editor 


W. V. King, Bureau of Entomology, received the degree of doctor of philosophy 
from Tulane University, in January. 


Mr. Frank R. Cole has been appointed scientific assistant, Bureau of Entomology, 
to work temporarily at Pasadena, Cal., and vicinity. 


Mr. Thomas H. Jones of the Bureau of Entomology is stationed at Baton Rouge, 
La., and is Investigating truck crop insects. 


Mr. R. J. Fiske, Bureau of Entomology, is now stationed at Roswell, N. H., where 
he is engaged on codling moth investigations. 


Mr. H. P. Wood, Bureau of Entomology, now located at Dallas, Texas, was married 
to Miss Ester Danielson of Hopedale, Mass., April 3. 


The Department of Entomology of the Texas Agricultural College, has just com- 
pleted a greenhouse, for use as an insectary, at a cost of $1,200. 


Mr. C. E. Smith has been engaged by the Bureau of Entomology to assist Mr. 
Thomas H. Jones in work on truck crop insects at Baton Rouge, La., and vicinity. 


Mr. E. R. Speyer has taken up a temporary appointment under the Ceylon govern- 
ment for the purpose of investigating the shothole borer of tea (Xyleborus fornicatus). 


Mr. Richard Lydekker, F. R. S., the well-known English zoologist, died April 16, 
aged 65 years. 


J. L. Webb, Bureau of Entomology, left Washington on April 25th for Tallulah, 
La., where he will be attached to the boll-weevil laboratory. 


Mr. F. W. Dry, a Carnegie scholar, is on a trip with Professor Webster, visiting 
the eastern field stations of the section of Cereal and Forage Crop insects. . . 


According to Science, Professor M. A. Lameere, University of Brussells, has been 
nominated as an honorary member of the Societé Entomologique de France, in place 
of the late M. J. Perez. 


T. C. Barber, recently of the experiment station at Tucuman, Argentina, has been 
engaged as an agent of the Bureau of Entomology, and is attached to the Tallulah 
laboratory. 


Mr. R.S. Clifton, executive assistant of the Bureau of Entomology, is now stationed 
at the headquarters of the gypsy and brown-tai! moth investigations, 43 Tremont St., 
Boston, Mass. 


Dr. Henry H. P. Severin has again accepted a temporary position for the summer at 
the Maine Agricultural Experiment Station to test the poisoned bait spray to control 
the currant or gooseberry fruit-fly and the apple maggot. 


Messrs. R. W. Wells, M. J. Stanley, and G. H. Cowan have been appointed to 
service in the Bureau of Entomology, in connection with the spotted-fever tick work 
in Montana. 
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Governor Ferguson of Texas, on March 22, approved an emergency appropriation 
of $3,000 for eradication of foul brood in that state. The work will be in charge of 
State Entomologist Wilmon Newell. 


Mr. Arthur J. Ackerman, Bureau of Entomology, spent the winter in Washington» 
and in March started on a short trip through the southern states investigating 
nursery insects. As last year, he is located at West Chester, Pa. 


A. H. Jennings, Bureau of Entomology, who has been engaged for some time in the 
study of the possible transmission of pellagra by insects, will be detailed to the in- 
vestigation of malarial mosquitoes. He is now located at Mound, La. 


‘B. R. Coad, Bureau of Entomology, has been placed in charge of the boll-weevil 
laboratory at Tallulah, La. G. D. Smith, formerly of this station, has been located 
at Thomasville, Ga., where he will conduct studies of a number of cotton pests. 


Mr. W. F. Fiske is now engaged in an investigation of the tsetse flies (Glossina spp.) 
for the Tropical Disease Commission and is stationed in the vicinity of Lake Victoria 
Nyanza, where he plans to remain fox the next fourteen months. 


Second Lieutenant Duncan H. Gotch, Worcestershire Regiment, entomological 
assistant in the Imperial Bureau of Entomology, was killed in action at Neuve 
Chapelle on March 11. 


Professor C. L. Metcalf of Ohio State University will spend the summer months, 
beginning June 15, at the Agricultural Experiment Station, Orono, Maine. He will 
be engaged in a systematic and economic study of the Syrphide. 


Mr. E. P. Taylor has resigned as field horticulturist, Extension Department of 
the University of Idaho, Boise, Idaho, and accepted the position of horticulturist, 
Utah Fruit Growers Association, Box 1878, Salt Lake City, Utah. 


G. A. Runner, Bureau of Entomology, spent several days during April in the 
laboratories of the General Electric Co., Schenectady, N. Y., conducting experiments 
in the destruction of the cigarette beetle (Chalcodermus ceneus). 


Mr. Carlton C. Gowdy, government entomologist in British East Africa, was given 
a ten months’ leave of absence and spent the winter months in advanced work in 
entomology at the Massachusetts Agricultural College, of which he is a graduate in 
the class of 1908. 


Mr. Neale F. Howard, a graduate of the Agricultural College, University of Wis- 
consin, will work with the Bureau of Entomology on the pea aphis, root maggots, and 
other insects affecting truck crops, with headquarters at Green Bay, Wis., in co- 
operation with the University of Wisconsin. 


U. C. Loftin, Bureau of Entomology, is now in Cuba where he will be engaged for 
several months in the study and collection of parasites of sugar-cane insects and the 
investigation of the relation between certain systems of culture and the sugar-cane 
borer. 


_Eniomological News records the death of the following European entomologists: 
Ferdinand Kowarz, the well-known dipterist at Franzensbad, Bohemia, September 
14, 1914; Dr. F. Trybom, of Sweden, February 15, 1915; Doctors Walter Stendell, 
Otto Karchhoffer, W. Haas and F. Vogel who have been killed in the war. 


Mr. O. K. Courtney, a graduate of the Texas Agricultural and Mechanical College, 
has been appointed to the position of assistant entomologist in the Department of 
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Entomology at that institution, succeeding Mr. Walter W. Marshall who has taken | 
up graduate work at the Ohio State University. 


The General Assembly of Connecticut adjourned on May 18, after appropriating 
$25,000 for the next two years for suppressing the gypsy and brown-tail moths. Of 
this amount $4,000 is immediately available for summer work. Twenty towns are 
now known to be infested with the gypsy moth and 72 with the brown-tail moth. 


August Busck, Bureau of Entomology, left Washington early in May to spend six 
‘months in the Hawaiian Islands in the study of Gelechia gossypiella. Special in- 
formation regarding the habits of this species are required in connection with the 
proposed action to prevent the establishment of the species in the United States. 


Professor Henry E. Van Deman, first professor of horticulture in Kansas State 
University, and first head of the Division of Pomology, United States Department of 
Agriculture, died at his home in Washington, D. C., April 28. Since 1893 Professor 
Van Deman has been engaged in work of an editorial and advisory nature. 


According to Science, Dr. Raymond C. Osburn, assistant professor of zodlogy in 
Barnard College of Columbia University, has resigned to accept the professorship of 
biology in the new Connecticut College for women at New London. It is understood 
that the college will be ready for work at the beginning of the next college vear. 


The following have been elected to the fellowships in entomology at the Univer- 
sity of Illinois: Alvah Peterson, Knox College; Philip Garman, Kentucky Agricul- 
tural College. The following have been elected to scholarships; Edwin K. Parker, 
Massachusetts Agricultural College; L. B. Ripley, Trinity College, and J. L. King, 
Ohio State University. 


The field laboratory of the Bureau of Entomology in Maine has been discontinued. 
Mr. F. L. Simanton, formerly in charge, has been transferred to the laboratory at 
Benton Harbor, Mich., where he will undertake investigations in connection with 
orchard insecticides and spraying machinery. He will be assisted by Mr. H. G. 
Ingerson. 


Mr. W. M. Davidson, Bureau of Entomology, has returned to his headquarters, 
Walnut Creek, Cal., where he will continue his investigations in connection with the 
grape Phylloxera. During his stay in Washington the report on the biology of this 
insect was about completed, and another season’s observations will complete the 
subject in a satisfactory manner. 


Mr. Irving R. Crawford has been appointed temporary field assistant, Bureau of 
Entomology, and will proceed to San Diego, Cal., to collect parasites of Hemileuca 
olivie in northeastern New Mexico. The force engaged upon this investigation will 
consist of Mr. D. J. Caffrey, in charge; Messrs. Crawford and J. R. Sandige, temporary 


assistants; and a permanent appointee not yet selected. 


F. C. Bishopp, Bureau of Entomology, Box 208, Dallas, Texas, has undertaken the 
taxonomic study of fleas. He has probably one of the largest collections in the United 
States at the Dallas laboratory but desires to obtain additional specimens from all 
parts of the country. It will assist greatly in his studies if material of this kind is 
sent directty to him. 

_Mr. P. H. Timberlake, Bureau of Entomology, who has been spending the winter 
at the Brownsville, Tex., laboratory, engaged particularly on the hymenopterous 
parasites of lady beetles, will return to Salt Lake about the middle of April, and on his 
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resurn Mr. L. P. Rockwood will be transferred temporarily to Forest Grove, Ore., to 
assist in the clover-insect investigations being carried on at and from that laboratory. 


A card index to all illustrations used in the Bureau of Entomology and the former 
Division of Entomology, is maintained by the Bureau at Washington. It also in- 
cludes the reports of the U.S. Entomological Commission and the later entomological 
papers of the U. 8. Department of Agriculture. A general card index of all ento- 
mological publications issued by the U. 8. Department of Agriculture is now being 
prepared. 


A new project relating to the control of the house-fly and other insects in estab- 
lishments operating under the meat inspection act has been approved by the Secre- 
tary. Thisisa joint investigation between the Bureau of Entomology and the Bureau 
of Animal Industry. The headquarters for the work will be at the Dallas laboratory 
and F. C. Bishopp will be in direct charge. A conference was held at Washington 
early in May at which the detailed plans for the investigation were discussed. 


Mr. Carrington B. Williams, Carnegie scholar, took a trip to the West Indies in 
March and returned to Washington about April 8, with a very large collection of 
Thysanoptera made on the trip. On his return he worked night and day with Mr. 
J. D. Hood, of the U. 8S. Biological Survey, describing the new species for a joint 
paper soon to be published. He visited Barbados, Trinidad, and Porto Rico and 
saw some tropical economic entomology. He sailed for England on April 17. 


Mr. E. H. Siegler, Bureau of Entomology, formerly in charge of the laboratory at 
Benton Harbor, Mich., in connection with the project of msecticide investigations, 
has been placed in immediate charge of the laboratory at Grand Junction, Coio., 
where, in codperation with the Colorado Agricultural Experiment Station, he will 
undertake a thoroughgoing investigation of the codling moth in the Grand Valley. 
He will be assisted by Mr. E. R. Van Leeuwen. 


A hearing before the Federal Horticultural Board was held in Washington, D. C., 
on May 6, in regard to extending the quarantine lines to include additional territory 
now infested by the gypsy and brown-tail moths. Messrs. A. F. Burgess, L. H. 
Worthley and D. M. Rogers of the Bureau of Entomology located at Boston, Mass., 
Professor W. C. O’ Kane of New Hampshire, Irving W. Davis of Connecticut and 
Harry B. Weiss of New Jersey were among those in attendance. 


The index of economic entomology, covering the literature since 1905, is now 
fairly under way. ‘Two typists are engaged in assisting Mr. Nathan Banks in the 
preparation of the manuscript, and a third will soon be employed. More than one- 
half of the experiment station literature has been indexed, and work on the publica- 
tions of the Bureau of Entomology is nearing completion. It is estimated that there 
will be at least 25,000 entries. 


W. D. Hunter and G. B. Sudworth, of the Federal Horticultural Board, had a con- 
ference at Pittsburgh, Pa., on April 14, with the designers of a machine which may 
be adapted for the fumigation of bales of cotton. On April 20, a conference was held 
with the department regarding the proposed action of the Federal Horticultural 
Board, regarding the fumigation of all foreign cotton received in this country to 
destroy the immature stages of Gelechia gossypiella. Representatives of cotton 
mills from all parts of the country were present. 


In conjunction with the Southern Conference for Education and Industry, held at 
Chattanooga, Tenn., April 27-30, there was a conference of southern beekeepers. 
The meeting on the first day was devoted to a discussion of beekeeping for teachers 
and others interested in the development of beekeeping in the South. The Tennessee 
State Beekeepers’ Association called a special meeting in connection with this con- 
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ference on April 28-29. Dr. E. F. Phillips was chairman of the beekeepers’ con- 
ference. 


Mr. E. R. Sasscer, chief inspector of the Federal Horticultural Board, reports as a 
result of his inspection of the Introduction Garden at Miami, Fla., the finding of a 
new and dangerous scale insect infesting mangoes, namely, Lecaniwm (Coccus) 
mangifere. Incidentally he saw something of Mr. Yothers’ work in Florida and 
reports as an eye witness some remarkable demonstration results from spraying, in 
which the fruit output was enormously increased and the quality much improved as 
a result of the treatment. 


A considerable collection of books and magazines has been amassed by the State 
Entomologist and Director of the Illmois State Laboratory of Natural History, 
Professor Stephen A. Forbes, by purchase and exchange during the past twenty or 
more years. This collection has been supplemented in recent years by extensive pur- 
chases by the Library of the University of Illinois. There has been spent during 
the past biennium alone over three thousand dollars in the purchase of books on 
entomology and nearly six thousand dollars for zoological publications, many of 
which contain articles of great interest to the entomologist. 


Messrs. H. G. Champion, of the University of Oxford and the Indian Imperial 
Forest Service, and T. E. Snyder of the Bureau of Entomology, spent some ten days 
during January teuring lumber mills in the high mountains of West Virginia in the 
study of the industry and the sects involved. While visiting the Union tannery at 
Davis, W. Va., they were informed by the manager that, following recommendations 
to prevent injury by the tanbark borer (Dinoderus substriatus Payk.), they used all 
hemlock tanbark before it was four years old. Dr. A. D. Hopkins visited this tannery 
in 1901 and found that out of a tota! of 20,00C cords of bark about 10,000 were badly 
damaged by this beetle. On close investigation he found the damage was practically 
confined to bark that was from two to seven years old, and no appreciable damage was 
done in bark less than three years old. Accordingly, he recommended that, in order 
to avoid this loss, older bark be used first, and that no bark be kept for a longer 
period than three years. Thus, by followimg the suggestion then made, enormous 
loss has been prevented in this tannery alone. 

The Mediterranean fruit-fly foree at Honolulu now includes, in addition to the 
leaders, Dr. Back and Mr. Pemberton, also Messrs. Willard, Banks, and Maxwell, Ah 
Fook, a Chinaman, and Muto, the Jap. Aside from Muto, these men are all con- 
nected with the inspection service. The present arrangement puts Mr. Willard in 
general charge of this service under Dr. Back. Mr. Willard is a graduate of the 
Massachusetts Agricultural College, who came to the islands as instructor m agri- 
culture and farm superintendent at the Mills Institute, Honolulu, and is reported by 
Dr. Back as bemg a very useful and serviceable assistant. Dr. Back, with Mr. 
Pemberton, will be engaged during the next three months in an investigation of the 
fruit-fly as affecting coffee, and other coffee insects of the Cona district, Island of 
Hawaii. This is the great coffee district of Hawaii. The pulp of the coffee berry is 
a favorite food of the Mediterranean fruit-fly and frequently as many as a dozen 
maggots of this fly can be taken from a single coffee berry which is no larger than a 
medium-sized cherry. Of vast interest to the coffee industry and to the fruit-fly - 
control on the island is the fact reported by Dr. Back, that one of the parasites re- 
cently introduced on the island through the agency of the Territorial board of agri- 
culture is already parasitizing the maggots in coffee berries to an average of upward of 
50 per cent, in some instances reaching as high a percentage as 96. The parasite in 
question is Opius humilis. This seems to be another one of the many successful 
parasite introductions which have been carried out on these islands. 


Mailed June 30, 1915. 
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NOTES ON THREE SPECIES OF HELIOPHILA WHICH INJURE 
CEREAL AND FORAGE CROPS AT BROWNSVILLE, TEXAS 


By R. A. Vickery, Entomological Assistant, Cereal and Forage Insect Investigations, 
Bureau of Entomology, U. S. Department of Agriculture 


The larve of Heliophila subpunctata Haw., H. unipuncta Haw., 
and H. multilinea Walk., have all been found injuring cereal and forage 
crops in southern Texas. Heliophila subpunctata is found on corn, 
sorghum, sugar-cane, barley, oats and Bermuda grass, but prefers 
sorghum and sugar-cane. Heliophila unipuncta is found on the same 
plants as H. subpunctata and also on alfalfa but prefers low-growing 
plants such as alfalfa, barley and oats. Heliophila multilinea has the 
same habits as H. subpunctata and has been found so far on sorghum 
and sugar-cane. The larva of this species looks like that of H. sub- 
punctata and we have not been able to separate them; but only a few 
of this species have been found. 

These species are found in large numbers from November until 
March and are rare in the summer. H. wnipuncta has not been 
found in the summer. 

The jaws of these larve are not toothed but are smooth and come 
together like the edges of a “‘cutting pincer’ and cut in the same 
manner as the pincer cuts. The jaws have this shape in all stages 
of the larva and for this reason the larve feed at the edge of the leaf 
in all stages. In the first two stages they are not able to bite through 
a leaf but they begin work on the edge. In feeding they straddle 
the edge and seizing the leaf in their jaws bite a piece out of it and 
usually continue feeding until a large notch is eaten out. 

This manner of feeding compels the larvae to expose themselves in 
order to feed. This is probably why they feed only at night and hide 
during the day. It is possible that this habit exposes them only to 
the attacks of nocturnal parasites as they are so well hidden during 
the day that it would seem to be almost impossible for the parasites 
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to find them. As they have the same habits as the cutworms they 
should have about the same parasites. 

Because of the necessity of hiding themselves during the daytime, 
the larve prefer rank-growing crops like broadcast sorghum, sugar- 
cane, and small grain or hay crops. In these crops they can hide them- 
selves in the dead leaves on the ground. 

The moths usually lay their eggs between two dead, dry leaves, the 
eggs being cemented to the leaves. They are apparently well pro- 
tected from the attacks of parasites. These facts are based on 
laboratory observations as we have not found the eggs outdoors. 

In rearing the insects in the laboratory the moths are placed in 
large No. 2 street-lamp globes and are fed on sugar syrup. Folded 
strips of wrapping paper are placed in the cages for them to lay their 
eggs on. They lay their eggs freely on this paper and it is easy to 
handle and always obtainable. 

Larve are kept in l-ounce seamless tin boxes, one larva in each 
box, and are fed on corn leaves if available, otherwise they may be 
fed on sorghum, oat or barley leaves. lLarve in the first three stages 
may be kept in 2-, 3-, or 4-ounce tin boxes, many larve in each box. 

The species all appear to be of tropical or of subtropical origin, 
and were probably native on rank-growing grasses in lowlands. They 
spend the winter in all four stages, but as all stages are unprotected 
against extremes of temperature, it would seem that they cannot 
winter very far north. It is probable that they usually do not winter 
very far from the Gulf of Mexico, but in the Mississippi Valley H. 
unipuncta might winter as far north as Tallulah, La., and on the 
Atlantic coast it might go through a mild winter as far north as the 
city of Washington. A discussion of the question as to which stage 
is best able to withstand cold weather is useless speculation as these 
facts can easily be learned by a series of experiments with low temper- 
ature incubators. If it should happen at any time that the conditions 
in the country near the Gulf of Mexico are especially unfavorable for 
the parasites, the moths would occur in large numbers and migrate 
northward. Ina northern locality the worms would be free from their 
ordinary parasites and would find plenty of food in the grain fields. 
The young larve, not being controlled by their parasites, could mature 
in such large numbers that they would be compelled to migrate in 
search of food. But this migration would attract predaceous mammals, 
birds, and insects, and also native parasitic insects normally infesting 
other lepidopterous larve. This appears to be what actually occurs 
in the case of H. unipuncta and outbreaks in the north are abnormal, 
since the larve are killed by the cold weather and for this reason 
do not appear the following year. Heliophila subpunctata will perhaps 


August, °15] VICKERY: THREE HELIOPHILAS 391 


be limited to the far south because of its preference for sorghum hay 
and sugar-cane. Corn, and sorghum grown for syrup, are cultivated 
and do not afford shelter for the larve. 

These larve are controlled by the following parasites: From small 
larve, Meteorus laphygme Vier., Apanteles harnedi Vier., and Micro- 
plitis sp.; from large larve, Enicospilus purgatus Say, Rhogas atricornis 
Cress., Peleteria robusta Wied., Apanteles militaris Walsh, Apanteles 
rufocoxalis, Paniscus sp., Euplectrus platypypene v.d. Wulp.; from the 
pups, Ichnewmon sp. Archytas analis Fabr., and Archytas piliventris 
How. 

We encounter then in connection with these species 138 primary 
parasites, only 4 of which (Meteorus laphygme, Apanteles harnedt, 
Euplectrus platypypene, and Archytas piliventris) have been reared 
from Laphygma frugiperda at Brownsville, and only two of which (Me- 
teorus and Euplectrus) have been reared from other hosts. We have 
not worked out the life histories of the parasites but have already 
started work with several of them. We have not certainly reared 
any parasites from H. multilinea but it probably has the same para- 
sites as H. subpunctata as its habits and life history seem to be similar 
to those of that species. 

As these primary parasites all have their own peculiar life histories, 
habits, parasites and diseases, and are differently influenced by changes 
in temperature and humidity, they vary very much in their abund- 
ance throughout the year and in different localities. Usually they 
become numerous enough in spring to almost exterminate their hosts. 
We have made a collection of 100 larve that was more than 100 per 
cent parasitized. Apanteles militaris appears to be most efficient of 
all these parasites but at times A. rufocoxalis is very numerous. 

We have reared 12 secondary parasites from the primary parasites 
but 9 of these have been encountered in connection with Laphygma 
frugiperda. There are probably many other secondary parasites but 
it will require considerable time and labor to discover them. 

We have reared three parasites from the cocoons of Apanteles mili- 
taris and they are different from those reared from A. harnedi and 
from Meteorus. 

Meteorus of course has the same parasites that were reared from it 
in the work with Laphygma which are: Myrmicomorpha perniciosa 
Vier., Spilochalcis pallens Cress., Spilochalcis delira Cress., Dibrachys 
meteort Gahan, Hemiteles sp., Mesochorus sp., Eupelmus meteori 
Gahan, and Elasmus apanteli Gahan. Some of these parasites also 
attack A panteles harnedi Vier. 

Euplectrus has the parasite Tetrastichus euplectrs Gahan in some 
parts of the country, but this species has not been reared at Brownsville. 
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Microplitis sp. has exposed cocoons like Apanteles and probably has 
many parasites but we have not reared any of them yet. Apanteles 
rufocoxalis may have the same parasites as militaris but we have not 
reared any of them from this species. It is possible that Enicospilus 
purgatus, Rhogas atricornis, Ichneumon sp., and the Tachinids may 
also have parasites but they pupate in the ground and are thus pro- 
tected. We have reared no parasites from these species. 

The primary parasites are controlled to some extent by the sec- 
ondary parasites; but the most important factors in their control as 
well as in the control of Heliophila itself are changes in temperature 
and humidity. And the effect of these two factors should be worked 
out by a series of experiments conducted under such conditions that 
the various factors can be controlled. These experiments could easily 
be conducted with a couple of biological incubators such as are used 
for bacteriological work in the tropics. 


A KEY TO THE CUTWORMS AFFECTING TOBACCO 
By S. E. Crump, U. S. Bureau of Entomology 


The following key includes only the cutworms known to affect to- 
bacco in the United States, but these include also the majority of the 
common species affecting other crops. For this reason it has been 
considered advisable to publish this table for the use of other workers 
in advance of a forthcoming publication of the Bureau of Entomology 
in which these species will be fully treated. 

The characterizations of Noctua clandestina and of Feltia malefida 
are based upon inadequate material, and those of Mamestra legitima 
and Peridroma incivis as here presented might lead to some confusion, 
owing to the fact that it was originally intended that this key should be 
accompanied by descriptions and photographs of the larve. The 
larva of Feltia ducens (= subgothica) has been bred from egg to adult 
and no character has been found by which it may be distinguished from 
the larva of Feltia jaculifera. It seems probable that these quite 
similar forms are not specifically distinct. The examination of a single 
inflated larva of Huzxoa tessellata has likewise revealed no character 
by which this species may be distinguished from Huzoa messoria. 

In determining the character of the skin granules it should be borne 
in mind that the coarse granules mentioned in the key are not more 
than one-twentieth of a millimetre broad. A low power of the com- 
pound microscope is essential for obtaining an adequate idea of their 
appearance, although with a little practice the species can be deter- 
mined readily with a good hand lens. 
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If the necessary codperation can be secured, the writer wishes to 
undertake the preparation of a much more extensive cutworm key in 
which all our economic species might finda place. To this end material 
from all parts of the country, and especially live larve in considerable 
series, is very much desired; and determinations will be made when 
possible. 
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A Key To THE CutTworms AFFECTING TOBACCO 


Paraclypeal sutures not attaining apex of head shield (Plate 20, fig. 2). Skin 
smooth, excepting in Mamestra renigera (Pl. 20, fig. 10)................ 2 
Paraclypeal sutures attaining apex of head shield (PI. 20, fig. 1). Setigerous 
tubercles rather large, distinct. Tubercle IV of abdominal segments very 
large (PI. 20, fig. 4, IV). Skin granulose (Pl. 20, figs. 5, 8,9, 11)...... 11 


Head shield clear brown with solid dark fuscous above. Paraclypeal region 
rleging (1PAL ADs tes 192) to alice Ae ctee Ura tah Neen at as Wi or ia a at re ga 3 
Fuscous coloring of head shield limited to ares and reticulation or absent 
(Pl. 20, figs. 6, 7). Paraclypeal region concolorous with remainder of head 
mE eorsmerchynpale meyer white... 3 0... 2. 4ee i. tee ek ea 4 


Subdorsal black spots of mesothorax as large as those on seventh abdominal 


SETA TIVET LN Bn eo Bl ea I oe RA eae Prodenia commeline 8. & A. 
Subdorsal black spots of mesothorax absent or smaller than those on seventh 
Abdominal Segment. 056.) oe ec es wwe be Prodenia ornithogalli Guenée 
Rianauiuslesseach wath about 4 teeth... 0... ee ee ed eee 5 
Mandibles with cutting margin straight, toothless or bearing about twelve 
PUM Me Died e ee ioes’, ana t.chcsidhtn eye ee teeta: Peridroma incivis Guenée. 


Tubercle IV of abdominal segments distinctly larger than tubercles I, II and 


Hiiteeeopiracies black. 0. h. oc boc el ed Mamestra Teta Grote. 
Tubercle IV of abdominal segments of about the same size as tubercles I, I, 
SMEG! LUG! ophe gull Sean te Aaa OS a ee Ce 6 


Skin coarsely granulose dorsally. Tubercles I and II conical and bearing 
prominent bristles (Pl. 20, fig. 10). Spiracles black........ See hc MAUR 
Mamestra renigera Stephens. 

Skin smooth, neither shagreened nor granulose. Tubercles and their sete 
TDINEA TUES. oS atcetes, by SA Sa, BOOP aes aes See eT cael eda Oe a a Ae Re 7 


Body without spots but prominently striped. Ground color of head shield 
white, submedian arcs and stemmatal stripe united posteriorly and at 


iscvaipyail IWAN eae [OFM] Mees, one ae Py MRT aM a eI Mamestra legitima Grote. 
Body usually bearing black spots and never prominently striped........... 8 
With triangular black subdorsal markings, at least posteriorly............. 9 


Black subdorsal markings linear or absent. Spiracles black. With distinct 
yellow middorsal dots on abdominal segments, at least anteriorly.......... 
Peridroma saucia Hiibner. 


Without black spots above spiracles. Spiracles yellowish with dark rims. 
Ground color of head shield greyish or whitish. Dorsum drab.......... 
Noctua c-nigrum Linneenus. 

Wirldistinet black spots above spiracles... 200... 2 cma hh ve oe ee ees 10 
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12 
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Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
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Spiracles yellowish with dark rims. Ground color of head shield whitish... . 
Noctua clandestina Harris. 

Spiracles black. Ground color of head shield pale yellowish brown....... i. 
Noctua badinodis Grote. 


Skin granules very small, flat or slightly convex, set pavement-like, without 
secondary granules: (Pl. 20; fis: 11)... 3 12 
Skin granules coarse, isolated, strongly convex or bluntly conical, interspersed 
uregularly with many small secondary granules (PI. 20, figs. 5, 8, 9). .14 


Reticulation of head shield replaced entirely by close-set fuscous freckles (PI. 
20, fig. 6). Subspiracular white band distinct... .Huzxoa messoria Harris. 
Head shield more or less fuscous-, or ferruginous-reticulate. White subspi- 
racular band not distinct... 2........ 0.5. 9 eee 13 


Tubercle I of abdominal segments nearly or quite as large as tubercle I1.... 
Feltia malefida Guenée. 

Tubercle I of abdominal segments about one-half as large as tubercle II.... 
Feltia gladiaria Morrison. 


Skin granules upright, conical, somewhat retrorse (PI. 20, fig. 8). Tubercle 
I of abdominal segments about one-half as large as tubercle II.......... 
Feltia annexa Treitschke. 

Skin granules strongly convex but scarcely subconical, not at all retrorse (PI. 
20; figs...5, 9). .esc. Gok We OE Ae; eee ee 15 


Tubercle I of abdominal segments nearly or quite as large as tubercle II.... 
Feltia jaculifera Guenée. 

Tubercle I of abdominal segments about one-third as large as tubercle II.... 
Agrotis ypsilon Rott. 


EXPLANATION OF PLATE 201 


1. Diagram of head shield of Feltia annexa larva showing the paraclypeal 
sutures attaining apex of head shield. 

2. Diagram of head shield of Peridroma saucia larva showing the paraclypeal 
sutures not attaining apex of head shield. 

3. Diagram of the dorsum of an abdominal segment of a cutworm showing 
tubercles [and II. Tubercle I is anterior. 

4, Diagrammatic lateral view of an abdominal segment of a cutworm giving 
the notation of the setigerous tubercles. Tubercle IV is posterior to the 
spiracle. 

5. Portion of the skin of Feltia jaculifera highly magnified showing the strongly 
convex, isolated, primary and secondary granules. 

6. Head shield of Euxoa messoria showing the submedian fuscous ares nearly 
absent and the reticulation reduced to close-set fuscous freckles. 

7. Head shield of Feltia jaculifera showing the fuscous submedian arcs, the 
reticulation, and a portion of the stemmatal stripe. This is the usual 
coloration among cutworms. 

8. Portion of the skin of Feltia annexa highly magnified showing the isolated, 
conical, retrorse, primary and secondary granules. 


1 Figures 1-4 were drawn by Mr. Harry Bradford. The remainder of the drawings 
are the work of Mr. Joseph D. Smith. 
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Fig. 9. Portion of the skin of Agrotis ypsilon highly magnified showing the strongly 
convex, isolated, primary and secondary granules. 

Fig. 10. Portion of the skin of Mamestra renigera highly magnified showing one of 
the conical dorsal tubercles, the base of its coarse bristle, and the isolated 
skin granules. 

Fig. 11. Portion of the skin of Feltia gladiaria highly magnified showing the skin 
granules set pavement-like without secondary granules. 

Fig. 12. Head shield of Prodenia ornithogalli showing the black dorsal area and the 
white paraclypeal areas. 


THE DRIED-FRUIT BEETLE 


Carpophilus hemipterus (Linnzeus) 
(Scarabeus hemipterus Linneus—Systema Nature, p. 351, 1758) 
Order—Coleoptera Family—Nitidulide 


By E. O. Essie, University of California, Berkeley, California 


The dried-fruit beetle is very common throughout California and 
because of its attacks upon fresh ripe and dried fruits, it has become 
a source of some anxiety to fruit-growers and considerable worry to 
fruit-packers and grocers. The insect has been known to science 
for many years and is found in nearly all parts of the world, being a 
cosmopolitan species thought to have originated in Europe! and ear- 
ried to other places in products of trade. Its fondness for dried fruits 
has also been known for many years, but the small number of pub- 
lished records concerning its work indicate that it is not generally 
considered to be a pest of any great importance, excepting in a few 
localities. 

— DESCRIPTION 


Larve (Figure 17).—The first hatched young are exceedingly small and are white 
or transparently yellowish in color. The mature forms attain an average length 
of about one-fourth inch and are white or yellowish with the head and tip of the tail 
rich amber-brown. The body is quite slender, sparsely clothed with quite long 
spine-like hairs, and with two large tubercles at the extreme posterior end of the 
abdomen and two smaller tubercles just in front of the larger ones as shown in Figures 
17 and19. All stages of the larve are quite active, move quickly and disappear in a 
surprisingly short time when disturbed. 

Pupe (Figure 18).—The pup are short, oval or somewhat robust and about one- 
eighth inch long. There are many formidable looking spines on the body as shown 
in the drawing. The color is white or pale yellow until they are nearly mature 
when the dark shades of the adult are gradually assumed. 

Adults (Figure 20).—The beetles are small, averaging about one-eighth inch in length 
and half as much in width. They are oval or robust and dull or shining black in 
color with two conspicuous amber-brown spots at the posterior tips and two smaller 
more obscure spots of the same color at the lateral marginal bases of the wing covers 


1 French, C., Jr. Dept. Agric. Victoria, 1X, pp. 640-641, 1911. 
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or elytra. Very often the large spots run together to form a single area while the 
small spots may be almost entirely obliterated. In the newly emerged adults all 
of the spots appear like shining silver, then gradually become orange or amber- 
brown and finally quite dark brown. The antenne and legs are reddish or amber. 
The surface of the body is finely punctured, the small circular pits being visible 
only under a microscope or good hand lens. From each puncture there arises a 
small hair. On the elytra the hairs are noticeably longer than those arising from 
punctures elsewhere on the body. The most conspicuous characteristic about the 
beetles is the very short elytra which do not reach to the tip of the abdomen, but 
permit the exposure of the last two abdominal segments. On the tibie of the legs, 
especially the middle and hind pairs, there are very noticeable spines as shown in 
the drawing (Figure 20). 


Lire-History 


The complete life-history has not been thoroughly worked out in 
California, but probably does not greatly differ from those of well- 
known insects of similar habits. It certainly does not require a long 
period to complete a life cycle under favorable conditions during both 
summer and winter months. The eggs are laid upon the outside of 
the fruit or on the inside if the female can gain an entrance. The 
greatest numbers are deposited in the spring and hatch in about one 
week according to French.! Very often the eggs are laid upon the 
fruit before it leaves the trees or while it is drying upon the trays in 
the open before it reaches the packing sheds, which accounts for infes- 
tations before the fruit finally arrives at the storehouses. The length 
of the larval period varies considerably and is shortest during the 
Warm summer months and longest under favorable conditions in 
winter or may be entirely retarded if exposed to cold climatic condi- 
tions during the winter as is often the case. The shortest period is 
about four weeks and the longest about as many months. The pupal 
stage is comparatively short, ordinarily requiring but two weeks. 

There are many broods a year as breeding will continue throughout 
the year under warm storehouse conditions as are often afforded in 
the winter. 

All stages are to be found in the fruit and no part of the package 
or storage bin escapes infestation. 


NATURE OF WORK 


The larve and adults feed directly upon the fresh and dried fruits. 
However, the loss due to the amount of fruit actually consumed is 
small compared to the loss due simply to the presence of their excreta, 
larve, pupx, adults and the moulting skins which together make a 
most disgusting looking mess of the infested fruit. Even if subse- 
quently killed it is very difficult to remove the remains, which are 
not easily obscured from the vigil eye of the careful housewife, and 
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eventually the sale of the fruit comes back as a severe blow to the 
reputation of the packer. 
Foop 


The insect undoubtedly attacks a larger variety of products than 
are to be found in the published records so that the list given can 
only be used as representative of the general diet rather than as being 
complete. The beetles are often to be found on partially decayed 
fruits in the orchards and in some cases pass the winter in dried and 
mumunied fruits which cling to the trees.|. They are also very common 
about the pitting sheds, drying trays, cull dumps, in the packing houses, 
warehouses and grocery stores, while bakeries and even the homes are 
not exempt. 

Certain dried fruits including figs, prunes, apricots and peaches 
appear to be the favorite food. Prof. John B. Smith ? lists the foods 
under the broad statement. ‘‘baker’s and grocer’s supplies. ”’ 


CONTROL 


The control of the dried-fruit beetle is not a difficult or expensive 
undertaking, but there are several factors which must not be neglected 
or much unnecessary expense may be required. 

As in the case of many similar pests ‘“‘an ounce of prevention is 
worth a pound of cure.”’ As previously pointed out, this insect may 
attack the fruit in the orchard, on the drying trays, in the drying sheds 
and in the packing houses before the fruit is packed for final shipment. 
It is, therefore, important, to adopt measures which will insure-a 
clean pack. But since the insect may also gain access to the package 
after it has left the packing house, it is equally important to pack the 
fruit in a container which is insect proof and which will remain so 
until it finally reaches the consumer. The ordinary processing of 
fruits, as dipping in boiling water just before packing, is sufficient to 
kill all stages of the insect and insure a clean pack. Sulphuring will 
also kill the eggs or other stages and the fruit may be kept clean by 
storing it in a properly screened and insect-proof room immediately 
upon being removed from the drying house. In such instances, how- 
ever, the fruit must be dried in a regular drier under artificial heat and 
not in the open, where infestation during drying might easily occur. 
Fruit which is not processed in boiling water at.the time of packing 
may be sterilized by heating to a temperature of about 180 degrees 
Fahrenheit? just prior to packing. 


1 Parker, W. B., Bul. No. 235, U. 8. Dept. Agric., p. 5, June 24, 1915. 
2 Insects of New Jersey, p. 271, 1909. 
3 Parker, W. B., Bul. No. 235, U.S. Dept: Agric:, p: 7, 1915. 
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Fig. 17—Larva of the dried-fruit beetle, Carpophilus hemipterus (Linn.). (Orig- 
inal.) 

Fig. 18—Outline drawing of the pupa of the dried-fruit beetle, Carpophilus hemip- 
terus (Linn.). (Original.) ¥ 


Fig. 19—Lateral and dorsal views of the posterior end of the larva of the dried- 
fruit beetle, Carpophilus hemipterus (Linn.), showing the prominent tubercles. 
(Original. ) 

Fig. 20—Adult of the dried-fruit beetle, Carpophilus hemipterus(Linn.). (Original.) 


400 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


The use of an insect-proof package is a very important considera- 
tion in the connection with the shipment of all dried fruits, especially 
when packed in small cartons for retailing. A clean pack often be- 
comes infested in the warehouse of the commission merchant or after 
it has reached the wholesale or the retail grocer, but no matter how it 
became infested, it reflects as much discredit upon the packer as if 
it had become infested before it left the packing house. Some recent. 
experiments conducted by the U. 8S. Department of Agriculture and 
published in Bulletin No. 235, June 24, 1915, show that an insect- 
proof carton is both possible and inexpensive and has other important. 
advantages besides those already stated. 

Infested storehouses, warehouses, grocery stores, bakeries, etc., 
may be rid of the beetles by a thorough fumigation with hydrocyanic 
acid gas at the rate of 3 ounces of sodium cyanide, and the proper 
proportions of sulphuric acid and water, to every 100 cubic feet of 
alr space, or better if the place is fitted with a good steam-heating 
apparatus, the insects may be destroyed by maintaining a temperature 
of 125 degrees Fahrenheit for a period of several hours. Carbon 
bisulfid may also be used as a fumigant at the rate of one half pound 
to every 100 cubic feet of air space, but as it is highly inflammable 
and explosive when mixed with air it is very dangerous. 

Cleanliness about the pitting, drying and packing sheds is very 
important in reducing the numbers of beetles which are likely to infest 
the fruit and the storage bins and warehouse should be thoroughly 
renovated before storing the new crop. Fruit from the previous year 
should be carefully inspected and removed, treated or destroyed if 
found infested. 

DEPARTMENT OF ENTOMOLOGY, 

UNIVERSITY OF CALIFORNIA, 


BERKELEY, CALIFORNIA, 
July 15, 1915. 


FUMIGATION METHOD FOR SACKED COTTON SEED 
By W. E. Hinps, Entomologist, Auburn, Ala. 


In connection with the administration of the boll weevil quarantine, 
it has frequently been necessary to fumigate considerable quantities 
of cotton seed originating in boll weevil infested territory to make it 
safe to allow shipments of such seed to points outside of the infested 
area. In the course of the boll weevil investigations more than ten 
years ago, it was found that carbon disulphide was the most practicable 
material for such fumigation work. Hydrocyanic acid gas has very 
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little penetrative power in cotton seed. This material, on account of 
its texture, is extremely resistant to gas diffusion. Carbon disulphide 
vapor, however, penetrates quite readily through masses of cotton seed 
and is retained by the seed sufficiently long to make it a very effective 
protection against the transmission of living boll weevils in seed ship- 
ments. 

The problem of application of the liquid to the seed was partially 
worked out and the method described in Farmers Bulletin 209 pub- 
lished in 1904. The method therein outlined involved practical 
difficulties in application on a large scale as the rapid evaporation of 
the liquid lowered the temperature to below the freezing point, thus 
freezing water that might be contained in the liquid disulphide and 
clogging the pipes. 

The method herein described has been worked out in Alabama and 
used quite extensively in the treatment of cotton seed grown for plant- 
ing purposes. With this method it has been found possible to treat 
600 or more sacks per day with four men to do the work. Two men 
handle the application of the liquid, the method followed being shown 
quite clearly in the illustration. The other two men mark the sacks 
and pack them away after the treatment is given. Our method of 
dealing with seed for planting is to mark each treated sack with the 
initials of the man in charge of the fumigation work, the date of the 
treatment and serial number of the sack; e.g., A. B., 1-20-’15, No. 1, 
et seg. When shipping out fumigated seed, the grower could indicate 
upon the certificate accompanying the way-bill for the shipment, the 
numbers of the sacks included and this would constitute a positive 
identification and guard against the shipment of untreated seed. This 
method protects both the grower and buyer of the seed. 

The apparatus consists essentially of a 3’ air pump by which the 
liquid and vapor can be forced quickly into and through the seed. 
This is connected by pressure tubing with one branch of an ordinary 
z Y such as is used in spraying work. On this branch there is a cut- 
off, also a regular spraying accessory. The other branch of the Y has 
a similar cut-off and bears at its outer end a quarter turn with a metal 
cup at the top just large enough to hold, or so marked as to indicate 
accurately, the amount of liquid required for each sack. The Y is 
connected with a piece of }4’’ galvanized gas pipe about 34 ft. long, 
closed at the distal end with a metal plug sharpened to a point so that 
it will penetrate readily through the bagging and seed. For a distance 
of 18 inches back from this end the tubing is perforated in various 
directions and at distances of a few inches apart with a number of 
small openings through which the liquid and vapor are distributed so 
that it may diffuse through the sack in all directions. This type of 
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tube is for use with the ordinary three-bushel sack. Almost any con- 
venient receptacle may be used that will hold a quart or more of car- 
bon disulphide and from which it may be readily poured into the metal 
cup. A one-gallon kerosene can is a convenient thing for this work but 
a different arrangement is shown in the illustration. 

The method of procedure is as follows: Drive the perforated rod 
into the sack of seed to the proper place, close the cut-off on the cup 
side of the Y and pour in the proper charge of liquid. Then open the 
cut-off and permit the liquid to run down into the pipe, closing the 
cut-off immediately thereafter and opening that on the air side of the 
Y. Two or three strokes from the air pump will be sufficient to force 
the liquid and gas into the seed and the perforated tube is then with- 
drawn. Care should be taken to have the cut-off closed on the liquid 
side of the Y to prevent the air pressure forcing the liquid back into 
the face of the operator. 

The treated sacks are closely stacked, preferably in a small room 
which is sufficiently tight so that the entire room may be given a 
regular treatment with disulphide as a final precaution. ‘The seed is 
left stored in this room until shipped. This method of treatment has 
given entirely satisfactory results and is economical, both in the cost of 
apparatus and in the amount of liquid required. The method of 
treatment can, of course, be readily adapted to many other subjects 
beside sacked cotton seed. In treatment of cotton seed, our practice 
is to use one ounce of carbon disulphide per three-bushel sack of seed. 


NOTES ON AN APPARENT RELATION BETWEEN APHIDS AND 
FIRE BLIGHT (BACILLUS AMYLOVORUS) 


By J. H. Merri1u, Assistant Entomologist, Kansas Agricultural Experiment Station 


Observations on this subject have been carried on since the spring 
of 1913 in Doniphan County by the Department of Entomology of 
the Kansas Agricultural Experiment Station. During the spring of 
1913 the aphids were noticed to be unusually abundant in nearly every 
orchard, especially on the Jonathan trees. They were found on the 
buds which had begun to swell but were not completely opened. 
Some of the fruit-growers, realizing that nothing but harm could 
result where so many sucking insects were present, sprayed with a 
contact insecticide to control them. Very few aphids were found in 
the orchards which had received a thorough dormant spraying with 
lime-sulphur. 

Fire blight appeared later in the season in all of the orchards where 
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the aphids were not brought under control. The infestation of aphids 
was heavier on Jonathans than on any other variety, and the blight 
infection was correspondingly heavy on the same trees. During the 
season of 1914 there was but a slight infestation of aphids and very 
little blight made its appearance. However, the infestation of aphids 
in the spring of 1915 was as severe as that in the spring of 1913. Profit- 
ing by their experience in 1913 the growers who controlled the aphids 
then sprayed their trees with Black Leaf 40 upon the first appearance 
of these insects. Others also joined them in using this spray. Al- 
though the fire blight was exceptionally abundant in 1915, only those 
orchards suffered in which the plant lice were not controlled. Obser- 
vations were carried on in both Wathena and Troy and the results 
were the same in both places. Orchards in which the crops were a 
total loss in 1913 from fire blight injury were sprayed in 1915 with 
a contact insecticide and today show but very little blight, while the 
orchards which were not similarly treated look as though they had 
been swept by a fire. In one orchard part of a block of Jonathans 
was sprayed with Black Leaf 40 and the remainder left untreated. 
The latter portion is now badly infected by fire blight while the sprayed 
portion is practically free. 

Doniphan County, which is primarily a fruit-growing district, has 
offered excellent opportunities for carrying on these observations. 
The Jonathan trees have always shown more aphids and later more 
blight than the other varieties, yet when these same trees have been 
treated with a contact insecticide the aphids were controlled and 
they showed but little blight injury. 

It is not the intention to claim here that the aphids are the only dis- 
tributers of fire blight but rather to give the facts resulting from 
experiments carried on to control these insects. These facts seem to 
show that there is a direct relation between the severity of the infes- | 
tation of aphids and the blight infection. Work along these lines is 
now being continued. 


TWO INTRODUCED WORMS OF ECONOMIC INTEREST 


By H. Garman, Head of Division of Entomology and Botany, 
Kentucky Experiment Station 


Helminthology is so closely related with entomology and worms so 
frequently arouse the interest of the economic entomologist when 
found doing mischief where insect injury was suspected, that it may 
not be out of place to call attention to a couple of interesting species, 
one a flat worm, the other a round worm, which appear to have been 
somewhat recently introduced into this country. 
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Bipalium kewense.—June 22, 1915, a florist of Lexington brought 
me a fine specimen of this giant land planarian which he found in soil 
about plants in his hothouse. When extended it measured over 
seven inches in length, the body being flattened, unsegmented, slimy, 
and about 0.18 inch (4.5 mm.) in greatest width. The head is a singu- 
lar leaf-like structure capable of being greatly distended and widened, 
and as the animal moves is kept swaying about like a great lip. It is 
not notched as represented in Dr. Gamples’ Platyhelminthes, p. 34 
(The Cambridge Natural History Series). 

The general color is brown, the dorsal side with a narrow black 
median line, with two broader less well-defined lines on each side of it, 
the outer one of each side lying close along the margin of the body. 
Beneath, the body is marked by two obscure longitudinal dusky lines, 
one on each side of the middle line. 

Just where the worm comes from is problematical. It is said to 
occur in the forests of Samoa, and may be-native there. It has fre- 
quently been introduced into England and other European countries 
with plants, and we may surmise that it has been brought thus into 
the United States. This is the second instance of its occurrence at 
Lexington, the first specimens, of which there were two, being brought 
to me by a florist in 1905. 

We have nothing like this flat worm so far as I know among our 
native species. It is formidable in appearance, but may prove not to 
be a pest. The common aquatic species of this part of the United 
States commonly measure less than a half inch in length. 

Heterodera schachtii—In 1910, I received from a former student of 
Kentucky State University a sample of sugar beets from Spreckles, 
California, badly infested with the European Eel worm, and which was 
reported to be a very destructive pest to sugar beets grown on the 
Spreckles sugar plantations. My correspondent wrote of the infestation: 

‘‘ At present the nematode patches are not large and we hope to get 
them under control before they spread further. Infested areas are 
clearly defined in the beet fields. The plants wilt down during the 
heat of the day but revive during the night. On the infested roots 
can easily be seen the swollen bodies of the females filled with eggs.”’ 

It will be recalled that the Bureau of Entomology published some 
years ago a bulletin on the Root-knot worm (Heterodera radicicola) of 
the South Atlantic states, and of hothouses north. The western 
species works very differently, but is, if anything. more destructive. I 
have been expecting to hear from it in the eastern states. Has anyone 
encountered it there? 


LEXINGTON, KENTUCKY, 
June 26, 1915. 
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NEW GALL MIDGES 
By E. P. Fett, Albany, N. Y. 


This paper characterizes a number of new and recently reared gall 
midges. Among these may be found one referable to a genus not 
hitherto recognized as American, and another belonging to a genus 
recently erected by a well known European authority, Dr. Kieffer, 
based upon a fairly well known American species. 


Prionellus monilis Felt.—Several females agreeing very closely with 
the type were collected May 1, 1914, by Prof. J. M. Aldrich at Lafay- 
ette, Ind., while sweeping winter wheat. The male was unknown and 
is described from this material. 


Male.—Length, 1 mm. Antenne nearly as long as the body, sparsely haired, 
light brown; 14 segments, the fifth with the stem about three-fourths the length of 
the rounded-pyriform basal enlargement, which latter has a length about one-third 
greater than its diameter; two indistinct crenulate whorls with a rudimentary third 
and subapically a whorl of four, somewhat fusiform sensory organs, probably rudi- 
ments of the distinct collar of the female; terminal segment reduced, narrowly oval, 
obtusely rounded apically. Palpi; first segment irregularly quadrate, the second 
broadly oval, the third one-half longer than the second, more slender, the fourth 
nearly twice as long as the second, more slender. Mesonotum dark shining brown. 
Scutellum, postscutellum and abdomen dark reddish brown. MHalteres whitish 
transparent. Legs mostly fuscous yellowish, the distal tarsal segments somewhat 
darker; claws strongly curved, finely denticulate, the pulvilli longer than the claws. 
Genitalia; basal clasp segment short, stout; terminal clasp segment short, greatly 
swollen, with a length less than twice its diameter; dorsal plates long, broadly rounded; 
ventral plate obscure. Harpes strongly chitinized, approximate at the distal third, 
the acute apices divergent. Cecid. 1582. 


Dasyneura torontoensis n. sp.—A number of small midges were 
reared from Maianthemum canadense, May 3, 1915, by Dr. A. Cosens, 
Toronto, Can., from a root gall. Later in connection with the subter- 
ranean habits of the species, Dr. Cosens writes that he was unable to 
detect any attempt to fly on the part of the adults. The gall is fusi- 
form, monothalamous and has a length of 7 mm., a diameter of 1.5 
mm. and is inhabited by a whitish larva. 

This species runs in our key to Dasyneura piperite Felt, from which 
it may be separated by the decidedly shorter terminal antennal seg- 
ment and the shorter fourth palpal segment. There are also colora- 
tional differences. Only the female has been reared. 


Larva.—Length, 1.4 mm., whitish, stout, the skin coarsely shagreened and trans- 
versely wrinkled. Head rather narrow, roundly acute, the antennz long, tapering, 
with a length thrice the diameter; breastbone bidentate, strongly chitinized, slightly 
expanded basally; posterior extremity of body probably roundly truncate and with 
a pair of submedian, tapering, fleshy processes. 

2 
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Female.—Length 1.5 mm. Antenne extending to the third abdominal segment: 
sparsely haired, yellowish or dark brown, yellowish basally; 14 segments, the fifth 
subsessile, cylindric, with a length one-half greater than its diameter, the terminal 
segment somewhat reduced, broadly oval and with a length three-fourths greater 
than its diameter. Palpi; the first segment irregularly subquadrate, the second 
with a length a little greater than twice its diameter, the third one-half longer than 
the second, slender, the fourth one-half longer than the third, slender. Eyes black. 
Mesonotum dark brown, the sparsely haired submedian lines yellowish; in one speci- 
men the mesonotum is fuscous yellowish. Scutellum and postscutellum yellowish. 
Abdomen yellowish orange, the ovipositor about half the length of the body, the 
terminal lobes sparsely setose, slender, slightly constricted near the basal third and 
with a length about four times their width. MHalteres yellowish basally, slightly 
fuscous apically. Coxe, femora and tibie mostly pale straw, the tarsi mostly dark 
brown; claws slender, strongly curved, the pulvilli as long as the claws. Type 
Cecid. a2620. 


Asteromyia ? leviana Felt.—One female midge resembling, in a gen- 
eral way at least, the male of this species, was reared from a similar 
gall on Aster saggittifolius, July 15, 1913, by Dr. A. Cosens, Toronto, 
Ont., Can. 


Female——Length, 1mm. Antenne extending to the base of the abdomen, sparsely 
haired, dark brown; at least 14 and probably 15 or 16 segments, the fifth with a length 
about equal to its diameter. Palpi invisible in the preparation, probably uniarticu- 
late. Mesonotum shining black, the submedian lines sparsely haired. Scutellum 
shining dark brown, sparsely haired apically, postscutellum yellowish brown. Abdo- 
men a nearly uniform black, the third to sixth abdominal segments narrowly mar- 
gined posteriorly with whitish scales. Wings hyaline, the third vein uniting with 
the margin near the basal half. MHalteres yellowish, the club narrowly fuscous 
basally. Coxe reddish brown; femora yellowish basally, fuscous apically.. Tibie 
and tarsi fuscous. Ovipositor about half the length of the abdomen, stout, the ter- 
minal lobes orbicular, minor lobes linear, both thickly setose. Cecid. a2440. 


Feltiella davist n. sp.—The small midges described below, tenta- 
tively referred to this genus, were reared June 19, 1915, from catnip 
leaves infested with Aphis gossypii: Glov. and forwarded, June 15, by 
Dr. J. J. Davis of Lafayette, Ind. The adults present all the characters 
of this genus, heretofore not recognized in America, except that the 
palpi appear to be triarticulate, and even in this organ the terminal 
segment is indistinctly divided and apparently composed of two closely 
fused, probably rudimentary segments. 


Male.—Length, .8 mm. Antenne one-half longer than the body, thickly haired, 
fuscous yellowish; 14 segments, the fifth having the stems each with a length about 
two and one-half times their diameters, the distal enlargement short and with a 
length about one-fourth greater than its diameter; terminal segment wanting in the 
preparation. Palpi; the first segment irregularly quadrate, the second with a length 
about one-half greater than its diameter, the third twice the length of the second, 
fusiform and indistinctly divided. Mesonotum brownish yellow. Scutellum yellow, 
postscutellum fuscous yellow. Abdomen mostly a light fuscous yellowish with a 
reddish brown spot basally. Wings hyaline, the third vein uniting with the margin 
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just before the apex. Halteres mostly fuscous yellowish. Coxe and femora 
basally whitish transparent, the femora distally slightly fuscous; tibiz and tarsi 
mostly pale straw; claws slender, evenly curved, longer than the pulvilli, the anterior 
unidentate. Genitalia; basal clasp segment long, slender, basally with a large 
internal, curved, subtriangular setose lobe; terminal clasp segment moderately stout 
and rather short; dorsal plate short, deeply and triangularly emarginate, the lobes 
obliquely rounded; ventral plate broad, broadly rounded apically; style long, tapering 
to a narrowly rounded apex. 

Female.—Length, .8 mm. Antenne three-fourths the length of the body, sparsely 
haired, fuscous yellowish; 14 segments, the fifth with a stem one-fourth the length 
of the cylindric basal enlargement, which latter has a length two and one-half times 
its diameter; terminal segment somewhat produced, slightly constricted near the 
basal third, narrowly rounded apically. Palpi; the first segment irregularly quad- 
rate, the second with a length more than twice its diameter, the third one-half longer 
than the second, slightly constricted near the basal third. Mesonotum brownish 
yellow. Scutellum yellowish, postscutellum brownish yellow. MHalteres mostly 
yellowish or yellowish orange. Coxe and femora mostly yellowish transparent; 
tibiz pale straw; anterior and mid tarsi dark fuscous yellowish, the posterior tarsi 
pale yellowish. Ovipositor short, the terminal lobes roundly triangular and rather 
thickly clothed with coarse sete. Other characters practically as in the male. 
Type Cecid. a2643. ' 


Mycodiplosis fungiperda n. sp.—The pale yellowish, black-eyed 
midges described below were reared by Theodore Pergande September 
24, 1896, from orange-colored or whitish larve occurring in a large, 
yellowish fungus growing on rotten bark. This species is described 
through the courtesy of Dr. Howard of the Bureau of Entomology. 
Mr. Pergande states that the fungus was infested by millions of the 
larve, which jumped about like flies, even to a distance of five or six 
inches and displayed an evident preference for the light. 


Male—tLength, 1.2mm. Antenne nearly twice the length of the body, thickly 
haired, pale yellowish; 14 segments, the fifth with stems twice the length of their 
diameters. Palpi; first segment short, subquadrate, the second with a length three 
and one-half times its diameter, slender, the third a little longer and more slender, the 
fourth as long as the third; entire body pale yellowish. Wings whitish transparent. 
Halteres yellowish, slightly reddish apically. Legs pale straw; claws long, slender, 
evenly curved. Genitalia; basal clasp segment long, moderately stout; terminal 
clasp segment long, tapering; dorsal plate short, deeply and triangularly emarginate, 
the lobes triangular; ventral plate short, broad, tapering, broadly emarginate; style 
short, narrowly rounded. 

Female—Length, 1.2mm. Antenne nearly as long as the body, sparsely haired, 
pale yellowish; 14 segments, the fifth with a stem about three-fourths the length of the 
subeylindric basal enlargement, which latter has a length about twice its diameter, 
penultimate segment produced, the basal enlargement with a length thrice its diameter, 
apically a rudimentary segment; ovipositor short, the lobes narrowly oval. Other 
characters practically as in the male. Type Cecid. 1315. 


Paralellodiplosis corticis n. sp.—-This pale yellowish form was reared 
by C. V. Riley from larve occurring in oak bark. 
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Male.—Length, 1 mm. Antenne alittle longer than the body, thickly haired, 
yellowish; 14 segments, the fifth with stems two and one-half and three times their 
diameters, respectively; terminal segment produced, the distal enlargement stout, 
cylindric, with a length nearly three times its diameter and broadly rounded apically. 
Palpi; first segment short, subquadrate, the second with a length three times its 
diameter, the third a little longer, slightly dilated, the fourth one-fourth longer than 
the third, slender. Thorax and abdomen pale yellowish, the base of the latter some- 
what tinged with orange. Wings yellowish transparent, costa pale yellowish. 
Halteres yellowish transparent. Legs yellowish; claws slender, strongly curved, 
simple, the pulvilli shorter than the claws. Genitalia; dorsal plate short, deeply and 
narrowly emarginate, the lobes obliquely emarginate; ventral plate long, tapering, 
slightly, subtruncate; style long, narrowly rounded. Type Cecid. 107%. 


Retinodiplosis Kieff—The genus Retinodiplosis, erected by Kieffer 
in. 1912 with Cecidomyia resinicola O. 8. as the type, represents a 
well-defined group comprising such pitch-inhabiting forms as Ce- 
cidomyia inopis O.§8., C. resinicoloides Wilms. and the closely allied 
species characterized bleow. : 

Members of this genus are mostly dark red or reddish-brown and 
may be recognized by the short, almost transverse basal stems of the 
flagellate antennal segments, the rather long, broad, distal enlarge- 
ment, and the fine, short, many-looped circumfili in connection with 
the rather heavy genitalia, the two plates being usually deeply bilobed. 
The larva is easily recognized, in that the posterior extremity is 
bilobed, the apex of each lobe being fuscous, heavily chitinized, and 
strongly spined, an adaptation which permits the larva to extend its 
anal spiracles, located in these lobes, through the surface of the viscous 
resin it inhabits. 

Retinodiplosis palustris n. sp.—The midges described below were 
reared May 20, 1915, from pitch on twigs of the long-leaved pine 
collected by Dr. J. J. Davis at Talladega, Alabama, April 9 of the same 
year. The species is closely related to R. resinicoloides Wims. from 
which it may be separated by the longer basal portion of the stem of 
the flagellate antennal segment and the distinctly greater emargination 
of the ventral plate. 


Exuvium.—tLength, 3 mm., the mesonotum and wing-pads fuscous yellowish, 
the antennal and leg cases lighter; abdomen semi-transparent. 

Male.—Length, 3.6 mm. Antenne probably nearly as long as the body, sparsely 
haired, reddish brown; 14 segments, the fifth having the stems with a length one and 
one and one-half times their diameters, respectively; distal enlargement subcylindric, 
with a length one-fourth greater than its diameter, the circumfili moderately short, 
stout and with numerous loops; terminal segment, distal enlargement produced, with 
a length about twice the diameter, a constriction near the middle and a somewhat 
irregular, fingerlike process apically. Palpi; the first segment subquadrate, with 
a length nearly twice its diameter, the second nearly twice the length of the first, 
the third a little longer than the second, and the fourth a little longer than the third. 
Mesonotum dark brown, the submedian lines short, silver-haired. Scutellum reddish 
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_ brown, po:tscutellum dark brown. Abdomen dark reddish-brown; genitalia with a 
reddish cast. Wings hyaline, costa reddish brown. MHalteres reddish brown, yel- 
lowish basally. Coxz reddish brown, the legs mostly pale straw, the tarsi slightly 
darker; claws moderately stout, slightly curved, simple, the pulvilli longer than the 
claws. Genitalia; basal clasp segment moderately long, stout; terminal clasp seg- 
ment short, tapering and curving apically; dorsal plate short, broad, broadly and 
triangularly emarginate, the lobes somewhat divergent and broadly rounded; 
ventral plate long, broad, deeply, roundly and triangularly emarginate, the lobes 
tapering to a narrowly rounded, setose apex. 

Female.—Length, 4 mm. Antenne probably extending to the third abdominal 
segment, sparsely haired, reddish-brown; 14 segments, the fourth with a stem one- 
fourth the length of the subcylindric basal enlargement, which latter has a length 
two and one-half times its diameter and is slightly expanded apically. Palpi; the 
first segment roundly triangular, the second with a length more than three times its 
diameter, the third a little shorter than the second and the fourth one-half longer 
than the third. Abdomen reddish-brown. Ovipositor short, with a length less than 
one-third the abdomen, the terminal lobes narrowly oval and thickly setose. Type 
Cecid. a2622. . 

Described from balsam preparations, colors approximate. 


THE RHODODENDRON LACE-BUG, LEPTOBYRSA 
EXPLANATA HEIDEMANN 


(Tingitide, Hemiptera) 
By C. R. Crosspy and C. H. Haptey, Jr., Ithaca, N. Y.1 


As early as 1906, this tingid had been noted as being abundant and 
causing considerable injury to rhododendrors in several localities in 
New York. In 1908, Heidemann described it as a new species, adopt- 
ing the manuscript name of Professor Uhler, Leptobyrsa explanata. 
Since then its presence has been observed every year, often being abun- 
dant enough to cause serious injury. 


DISTRIBUTION 


This insect is more or less widely distributed from North Carolina 
to Massachusetts, and as far west as Ohio. It has been found in the 
following states: North Carolina, Maryland, District of Columbia, 
Pennsylvania, West Virginia, Ohio, New Jersey, New York, Connec- 
ticut and Massachusetts, and is probably present in others also. In 
New York it is found in a number of places. 


Hosts 


This insect has been recorded as abundant on mountain laurel, 
Kalmia latifolia, and rhododendron or great laurel, Rhododendron 


1 Contribution from the Department of Entomology of Cornell University. 
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maximum. We have observed it breeding abundantly on rhododen- 
dron in the Rochester parks and in private grounds at Ithaca. — 

We have also received specimens from nurseries at Lynbrook, Long 
Island, on rhododendron, and from Franklin Park, Boston, Mass., on 
mountain laurel. In April 1908, eggs were found in abundance on wild 
rhododendron at Port Jervis, N. Y. 


INJURY 


The leaves are disfigured on the underside along the midrib by the 
brownish scabs which cover the eggs, as described below. The great- 
est injury is caused by the nymphs and adults feeding on the under 
surface of the leaf. They suck the sap, causing a lighter colored spat- 
tered appearance on the upper surface, often with consequent drying 
and shriveling of the leaf. The sale of rhododendrons is also some- 
times hindered by the unsightly appearance of the undersides of the 
leaves, due to the excrement left there by the insects. 


Lire History 


Egg.—5.54 mm. long by .24 mm. wide. It is flask-shaped with the 
neck bent to one side. The anterior end is obliquely truncate and 
provided with an oval lid. This lid has a submarginal ridge which 
encloses an oval impressed area. The egg is smooth,without sculpture, 
and is white, except near the anterior end where it is somewhat brown- 
ish. The eggs are usually inserted in a more or less irregular row along 
the midrib on the underside of the leaf, but occasionally in the leaf a 
short distance away from the midrib, on either side. The leaf tissue 
surrounding the egg becomes hardened and corky, but this hardening 
is entirely internal and makes no noticeable change on the surface 
of the leaf. In removing the egg with a needle, this gall-like 
growth is easily separated from the normal tissue. The lid is nearly 
on a level with the leaf surface and is protected by a drop of a brownish 
substance deposited by the parent insect, and has the appearance of a 
small scab. When the eggs are abundant, these scabs are quite notice- 
able along the underside of the leaf. Often these scabs drop off several 
days before the eggs hatch, exposing the egg cap. The eggs are laid 
in the newer leaves, and the winter is passed in this stage. 

Nymph.—At Ithaca, the eggs hatch in late May or early June, de- 
pending on the weather. They have been observed hatching outdoors 
on June 6, and had apparently all hatched by June 17. In 1908, first, 
second and third stage nymphs were observed out of doors on June 2. 


EXPLANATION OF PLATE 22 


1. Injured and uninjured leaves, showing eggs and disfiguring on underside of leaf. 
2. Eggs in position in leaf tissue. 
3. Location of eggs along midrib. 
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Mr. Dunbar states that he observed the young nymphs on May 25, 
1906, on rhododendrons in Hyland Park, Rochester, N. Y. In hatch- 
ing, the end of the egg enlarges slightly, becoming almost transparent. 
Then the nymph gradually emerges, the red eye-spots showing very 
conspicuously. The body sways back and forth slowly, during emer- 
gence, with slight spasmodic movements. When all the body has 
emerged except the last two or three segments, the spines along the 
sides of the body and the legs unfold and stiffen out. Then the leaf sur- 
face is grasped by the claws of the legs, and the insect is able with this 
help to withdraw the body entirely. Often the egg shell is drawn partly 
out of its pocket by this last effort. The newly emerged insect rests 
for several minutes after its exertions, then it slowly walks around, 
seeking a suitable feeding place. When first emerged the nymph is 
colorless, almost transparent, except for the bright red eyes. Soon 
after feeding commences, it begins to darken up. 

The nymphs feed in groups, remaining in a place a short time, then 
moving to anew location. The characteristic feeding attitude is with 
the body inclined upward towards the head, the antenne straight 
outward slightly diverging. At intervals the body sways slightly from 
side to side. After feeding a short time, the proboscis is withdrawn, 
and the slender inner sucking tube is carefully cleaned with the fore- 
feet, in much the same fashion as the ordinary house fly. 


DESCRIPTION OF NYMPHAL STAGES 


First stage—Length, 0.75 mm. At first nearly colorless but gradually becoming 
darker at base of legs and at base and tip of antenne and beak, abdomen appearing 
greenish from the ingesta. Head rounded in front, narrowed behind the eyes, armed 
with five strong tubercles, two above the base of beak, one Just behind these bearing 
two hairs and two near the posterior margin. Eyes consisting of five distinct omma- 
tidia, bright red, prominent. Thorax a little narrower than abdomen. On each 
thoracic segment and on each abdominal except the first there is on each side near 
the lateral margin a simple hair borne on a minute tubercle. On the mesothorax 
there is a median pair of small hairs. On abdominal segments 2, 5, 6 and 8 there is 
a large double median tubercle bearing at its tip two short hairs. All these hairs 
secrete a sticky substance which hangs as a clear drop at the end. Antenne three- 
fourths the length of the body, four-jointed, the two basal segments short, third the 
longest, fourth slightly more than half as long as the third. Beak in newly hatched 
specimens nearly as long as body, after feeding reaching only to second abdominal 
segment. 

Second stage—Length0.9mm. In general much like first stage except that lateral 
margin of abdomen is slightly more explanate and the dusky parts have become 
darker. Abdomen and lateral part of thorax dusky. The tubercles on the head are 
much longer, quite slender and of a dusky color. The lateral tubercles on the pro- 
and mesothorax and on abdominal segments 4-9 are much larger, those on the meta- 
thorax and on abdominal segments 2 and 3 are small. There seems to be no tubercle 
on the first abdominal segment. The dorsal tubercle is much larger than in preceding 
stage and bears four or five hairs. The dorsal abdominal tubercles are much larger 
and bear a cluster of hairs, the one on the second segment being smaller than the 
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others. Towards the last of this stage two small ommatidia begin to show on the 
anterior side of the group. 

Third stage.—Length including tubercles on head 1.4 mm. Outer side of first, tip 
of second, third and fourth joints of antennae, all the large tubercles on body, wing- 
pads and dorsum of abdomen dusky with a greenish tinge. The outline of the eye is 
now distinct and the ommatidia numerous, red. The wing-pads are conspicuous and 
extend to second abdominal segment. The tubercles which had increased in size in 
the preceding stage have become still larger and bear more glandular hairs while the 
smaller areas seem to have become obsolete. 

Fourth stage—Length including tubercles on head, 2.25 mm. All tubercles have 
become longer, more slender and are dusky. ‘The sides of prothorax are more expla- 
nate, the posterior margin is slightly biconcave, while the rounded median portion 
extends between the mesothoracic tubercles. ‘The wing-pads extend to the fifth 
abdommal segment; the lateral tubercles of the mesothorax occupy the extreme mar- 
gin of the wing-pad and are nearer the apex than the base. Color dull yellowish; 
base and tip of wing-pads, large oval spot on abdomen, spots at base of tubercles and 
outer side of first, tip of second and third, and distal two-thirds of fourth segment of 
antenne dusky with a greenish tinge. Legs dull yellowish, tip of tarsi dusky. 


Under insectary conditions, the length of the nymphal stages has 
been found to be as follows: 

First stage, 6 to 7 days; 

Second stage, 4 to 6 days; 

Third stage, 3 to 6 days; 

Fourth stage, 12 to 15 days. 

Under outdoor conditions, the length of stages is probably a little 
greater, as adults have been seen mating on July 20, and laying eggs 
on July 25. 


Adult.—Body short, oval in the female, more elongate in the male, shining black; 
membranous parts of pronotum and integument of elytra pale yellowish, semitrans- 
lucent, nervures yellowish. Head rather small, black, with three white frontal spines, 
two approaching each other, the middle one comparatively stouter; besides, there are 
two other more slender spines extending from behind the eyes towards front. An- 
tennz long, finely pilose, yellowish, the tips infuscated; two basal joints slightly 
thicker than the following ones, first joint twice the length of second, third little more 
than three times as long asfourth. Buccule yellowish, narrow, angulate and broader 
behind, the edge upturned a little. Pronotum transverse, feebly convex, coarsely 
punctured, and shining black; in fresh specimens the sides of the pronotum are covered 


EXPLANATION OF PLATE 23 
Leptobyrsa explanata Heid. 

Fig. 1. Adult. 

Fig.2. Egg. 

Fig. 3. First stage nymph. 

Fig. 4. Second stage nymph. 

Fig. 5. Third stage nymph. 

Fig. 6. Fourth stage nymph. 


1Heidemann, O. Proc. Ent. Soc. Wash. X, 105-108. 
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with a whitish film that also extends toward the underside at the sternum. Hood 
not much inflated, cristate and slightly tapering towards front; covering the head, 
except the eyes, with quite large areoles at the sides near top and a few smaller ones 
at lower part. . The three pronotal carine yellowish,the median one strongly declining 
towards apex of the triangular posterior portion of pronotum, with a row of long, 
large areoles of which the middle ones are divided by a few cross nervures and em- 
browned; outer carinze very low, only half as long as the median carina, extending 
from base of hood to sides of pronotal portion posteriorly; the triangular part of pro- 
notum rather short, yellowish and finely reticulated; membranous pronotal margins 
strongly rounded behind, reflexed, widening moderately at sides, narrowing toward 
the neck and reaching the lower part of hood close to the eyes, with two or three 
rows of average-sized areoles. Elytra ovate, iridescent, extending one-half their 
length beyond abdomen, a little less in the male; discoidal area pyriform and short, 
angularly raised at the outer nervure, somewhat rounded at apex and broadly scooped 
out on the upper surface, with three or four rows of quite large areoles at the widest 
part. Subcostal area subvertical, wider than the discoidal area, having about five 
rows of irregular small areoles, those of the upper row much larger; costal area broadly 
expanded, with four or five rows of very large, more or less irregular areoles, dimin- 
ishing to three and two rows at base. Surface of elytra very peculiarly undulated, 
with two transverse, sharp impressions, and another at apex formed by the outer 
nervure of subcostal area; a light transverse fascia on basal half. Median nervure 
of subcostal area strongly sinuate towards tip of elytra; sutural area at inner part 
irregularly reticulated with rows of some extremely large areoles. Entire margin of 
elytra, lateral margins of pronotum, crest of hood, carine, and most of the nervures 
beset closely with long, very fine hairs. Rostral groove uninterrupted, broad at 
mesosternum and metasternum, angularly closed in front; rostrum reaching meta- 
sternum. Abdomen of female broadly rounded at apex, in the male more elon- 
gate, the sides of genital segment sinuated; at tip two strong claspers. Length 3.6 
mm.; width of each elytron across widest part, 1.4 mm. 


CONTROL 


Our experience has shown that it is not a difficult matter to control 
these insects. They may be killed by a soap and water spray, at the 
rate of 1 pound soap to 10 gallons water. The spray should be directed 
at the under side of the leaves, and applied as soon as the nymphs are 
observed. It may be necessary sometimes to spray more than once 
during the season. Any good soap may be used without injury to the 
leaves. In the case of rhododendron, care should be taken not to spray 
the plants while the hot sun is shining; otherwise the leaves will be 
scorched. 
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THE IMMATURE STAGES OF THE BLACK APPLE LEAF- 
HOPPER (IDIOCERUS PROVANCHERI VAN DUZEE)! 


By M. D. Lronarp, Ithaca, N. Y. 


During the past five or six seasons small blackish homopterous 
nymphs have been observed on apple twigs brought into the Cornell 
Insectary during March and April for the purpose of rearing apple red 
bugs. These nymphs have also been seen during the spring and early 
summer in large numbers on the leaves of many apple trees about 
Ithaca, N. Y. It was not, however, until the spring of 1914 that an 
adult of this species was obtained when it was found to be Idiocerus 
provanchert Van Duzee. 

Osborn & Ball (1898: 124-125) state that the species of Idiocerus of 
which the life histories are known are confined to the different species 
of Salix, Populus and Crategus. Idiocerus provanchert has been 
reared abundantly from apple and the nymphs have been found on 
quince and on pear. It is also stated that the adults of this genus 
hibernate and deposit eggs in the spring and that the nymphs “‘ usually 
mimic the color of some part of the tree upon which they feed and are 
difficult to detect.’’ J. provancheri winters in the egg stage. More- 
over, the black nymphs are very conspicuous on the apple foliage and 
twigs and are not protectively colored. They do, however, have a 
strong resemblance to a small Attid spider. These facts constitute 
interesting exceptions to the above statements of Osborn & Ball in 
regard to members of this genus. 

The nymphs feed chiefly on the under side of the leaves and when 
disturbed are very active dodging about on the leaf or running rapidly 
along the stem. The effect of the feeding of the nymphs on the leaves 
is a yellow stippling similar to that caused by the apple leaf hopper. 

Idiocerus provancheri has been reared on apple twigs received from 
Oswego and Newark in New York, from Ridgewood, N. J., and Phila- 
delphia, Pa. Nymphs have been observed on apple trees by Professor 
C. R. Crosby at Stuyvesant Falls, Williamson, Spencerport, Holley 
and Penn Yan in New York, by Mr. H. H. Knight at Batavia, N. Y., 
by Mr. C. B. Savage at Kinderhook, N. Y., by Dr. Robert Matheson 
at Wolcott, N. Y., and by the writer at Honeoye Falls and Rochester 
Junction, N. Y. They have been received from Babylon, Long Island, 
N. Y. Nymphs have also been seen by Professor Crosby on pear at 
Stuyvesant Falls and by the writer at Oswego, N. Y. 

The seasonal life history has not been worked out but nymphs which 
had recently hatched were observed in abundance at Stuyvesant Falls, 


1 Contribution from the Department of Entomology of Cornell University. 
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N. Y., on April 29, 1915, and the writer observed nymphs hatching on 
_ apple on May 6, 1915, at Ithaca. Hatching apparently commences 
at about the time the blossom clusters appear. At Rochester Junction 
a number of nymphs were observed on June 4, 1914, on an apple tree, 
one of which was in the third instar. On June 10 an adult was taken 
from the same tree with the last nymphal skin next to it. 

This species has been recorded from Montreal, Winnipeg, and 
Hamilton in Canada, from Mt. Washington, from Buffalo, Lake 
Placid and Severance in New York, and is said to occur westward as 
far as lowa. The two specimens which represent this species in the 
Cornell University collection were collected by E. P. Van Duzee in 
1886 at Lancaster, N. Y. 

The eggs of this species, according to the observations of Professor 
Crosby, are inserted almost full length into the bark of the fruit spurs 
about one-fourth inch from the base of the buds. The exuvium pro- 
trudes slightly. These were observed commonly by him on apple 
trees at Stuyvesant Falls, N. Y., on April 29, 1915. Newly hatched 
nymphs were abundant on the twigs. The writer has observed small 
hemipterous eggs inserted almost full length into the bark just at the 
base of the fruit buds on an apple tree near the Insectary at Ithaca. 
First stage nymphs of Jdiocerus provancheri were present on the tree. 
One of these eggs was dissected out of the twig and it bore so strong a 
resemblance to the egg of Idiocerus alternatus Fitch, as figured by 
Osborn & Ball in the paper referred to above, that I think there is no 
doubt of its belonging to the species under consideration. This egg 
is Shown in Plate No. 24, figure 1. | 

The following descriptions of the immature stages of this species 
are based upon rearings made in the Cornell Insectary during the past 
two seasons. 

The egg.—Length, 1.62 mm., greatest width, .45 mm., cylindrical, slightly curved, 
broader and more bluntly rounded at posterior end, tapering somewhat at anterior 
end and acutely rounded; pale yellowish or whitish in color, somewhat shining. In 
the figure the eye-spot of the embryo is shown. i 

Stage I (Pl. 24, fig. 2). —Length, 1.12 mm.; width of head including the eyes, .56 mm. ; 
abdomen at widest point, .32 mm. General color, shining dark brownish to black. 
First segment of abdomen pale yellowish with a broad slightly procurved dark 


EXPLANATION OF PLATE 24 
Idiocerus provancheri V. Duz. 


hel. Kee. 

Fig. 2. First stage nymph. 
Fig. 3. Second stage nymph. 
Fig. 4. Third stage nymph. 
Fig. 5. Fourth stage nymph. 
Fig. 6. Fifth stage nymph. 
Fig. 7. Adult. 
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brownish band which does not touch the lateral margins. Second segment some- 
times pale yellowish near median portion. Eyes dark reddish; antenne with the 
basal segment black, otherwise pale yellowish. Legs shining blackish; coxe, tro- 
chanters and tarsi pale yellowish, except the tip and claws. 

Stage IT (Pl. 24, fig. 3).—Length, 1.68 mm.; width of head including eyes .72 mm. 
Differs from preceding stage only in size, in that the head is not proportionately so 
large or abdomen so narrow and hind margin of metathorax is somewhat procurved. 

Stage ITT (Pi. 24, fig. 4).—Length, 2.4 mm.; width of head including eyes .975 mm. ; 
width of abdomen, .75 mm. General color blackish; whole dorsal surface and 
legs finely punctate so that it is not so shiny as in the two preceding stages. Antennze 
dark, eyes dark reddish. Tibiz at tip, and tarsi, except at tip, pale yellowish. First 
abdominal segment almost entirely pale yellowish, second pale yellowish on hind 
margin and towards lateral margins. Wing-pads slightly apparent. 

Stage IV (PI. 24, fig. 5).—Length, 3.1 mm.; width of head including eyes, 1.2 mm.; 
width of abdomen .9 mm. As in preceding stage but legs have a tendency to be 
brownish rather than blackish; femora at base, tibie at tip and tarsi except extreme 
tip, and the claws, pale yellowish; femora above light brownish towards tip. The 
whole of the first abdominal segment and the hind margin and an oblique streak near 
each lateral margin of second, pale yellowish. Metathoracie wing-pads reach back- 
ward to about second half of third abdominal segment and mesothoracic wing-pads 
almost as far. 

Stage V (Pl. 24, fig. 6)—Length, 4.3 mm.; width of head, including eyes 1.5 mm. 
As in preceding stage except that tibie are lighter, the terminal half of the fore tibiz 
pale yellowish; the wing-pads reach back to fifth abdominal segment and the head and 
thorax are sparsely sprinkled with fine, short, pale hairs. 

In all of the stages, when actively feeding, the abdomen of the nymphs may 
frequently become distended with food so that the intersegmental areas show as 
red bands between the segments. 

Adult (Pl. 24, fig. 7).—This species is described by Osborn & Ball (1898) as follows: 
‘“Fulvous brown, resembling maculipennis, but with a broad yellow stripe on the 
clavus. Length, 9 5.3 mm.; o' 5 mm.; width, 1.7 mm. Face as in maculipennis in 
both sexes, pronotum lacking the black spots and the light margin, the two outer spots 
smaller, the middle one elongate; scutellum entirely rufous, darker in the male. 
Elytra fulvous brown, the nervures indistinct, scutellar margin black; just outside 
this to the margin of the clavus and extending back to just before the apex of the 
outer claval nervure where it rounds off is a distinct bright yellow area; costal margin 
with a hyaline spot before the tip. 

“Structurally very close to maculipennis, slightly smaller, readily distinguished by 
the bright yellow clavus.”’ 


Some of the specimens which I have before me have the pronotum and 
scutellum black, except for a small median spot at the cephalic border 
of the former and for the caudal border of the latter, which are yellow. 
The face is yellow with three black stripes, one median and one ex- 
tending from each eye to the base of the beak. 

Following Osborn and Ball I have used, in this paper, the name 
Idiocerus provancheri Van Duzee, although I am not convinced that 
this is the correct name to apply to the species under discussion. 
This insect was first described by Provancher in 1890 under the name 
Bythoscopus clitellarius, which he erroneously ascribed to Fitch, giv- 
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ing as a reference: Third Rept. Inj. Ins. N. Y., p. 365, No. 69. In 
this place Fitch merely briefly described, and recorded the injury to 
plum by, Bythoscopus clitellarius Say, using that name. In 1890 Van 
Duzee proposed a new name, provancheri, for Provancher’s species 
on the ground that the latter’s name was invalid because the species 
considered by Fitch was Thamnotettix clitellarius Say. I do not see 
why this fact should invalidate Provancher’s name, clitellarius. The 
insect under consideration was first described by him under this 
specific name and since the name clitellarius had not been used before 
in the genus Jdiocerus there is no reason why the species should not be 
called Idiocerus clitellarius Provancher. In order to avoid confusion, 
since the insect is well known under its present specific name, I have 
not made the above change in the present paper. 
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LITTLE-KNOWN WESTERN PLANT-LICE. I 


By W. M. Davinson, Scientific Assistant, Deciduous Fruit Insect Investigations, 
Bureau of Entomology’ 


Phylloxera salicola Pergande 


Phylloxera salicola Pergande; Pergande, North American Phylloxerine Affecting 
Hicoria (Carya) and Other Trees. Trans. Davenport Acad. Sci., IX. 

This species occurs in California on willow (Salix lasiolepis 
Benth.). The infestations are mostly confined to the axils of the buds 
on the twigs, but in one instance a heavy infestation occurred on the 
bared roots of a willow growing on a stream bank. These roots were 
about half an inch in diameter. The lice occurred in small cracks of 
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the bark and so numerous were they that the roots appeared to be 
covered with a thin layer of cottonwool. All examinations failed to 
disclose nymphs or winged forms. Pergande states that some of the 
eggs deposited by the apterous adults were sexual. I failed to find 
any sexual lice and it is likely that in California the asexual generations 
proceed to reproduce throughout the winter as is the case with many 
other species. Dates of observation were November 6, 1913, Feb- 
ruary 3, 1914, October 15, 1914. On all these dates the colonies 
comprised eggs and lice in all instars. Collected at Walnut Creek, 
California. 


Phylloxera popularia Pergande 


Phylloxera popularia Pergande; Pergande, North American Phylloxerine Affecting 
Hicoria (Carya) and Other Trees. Trans. Davenport Acad. Sci., IX. 

Infests the limbs and twigs of Populus trichocarpa T. & G. and P. 
fremontit Wats. The individuals are covered with a white cottony 
substance and are usually to be found in cracks or clefts in the bark 
where they obtain food from the inner layers. They also invade old 
galls of Thecabius populicaulis Fitch. Specimens collected April 20 
and May 4, 1914, at Walnut Creek, California 


Thecabius populicaulis Fitch 
Pemphigus populicaulis Fitch; Fitch, Rept. Ins. N. Y., V, 1859. 


In the latitude of San Francisco I have observed the sexupare under 
poplar bark (Populus fremontit Wats.) in late winter and spring. Some 
were found alive and depositing sexes as late as May 12. 

The sexes appear to cast four molts, all in rapid succession, and im- 
mediately after the final molt they copulate and the single egg is 
laid in a crevice in the bark, on trunk or larger imbs or any dead plant 
matter that may be touching the tree. The female is pale orange, 
beakless, and when gravid measures about .86 mm. x .88 mm. and after 
the egg has been laid but .44 mm. x .86 mm. The male is darker and 
narrower, also beakless, and measures about .60 mm. x .25 mm. The 
females are much more abundant than the males. After the female 
has deposited the egg she remains active for a short period, much 
shrunken and brown. A day before the deposition of the egg, cottony 
filaments are excreted by the female and she contrives to cover the 
egg with these. Incubation in May takes about two weeks. The 
egg at first is yellowish-green, but before it hatches the color be- 
comes apple green. The egg is about half a millimeter in length and 
about half as wide. The fundatrix after hatching is apple green with 
black transverse bars on the dorsum. For a few days Gn April and 
May) it remains close by the empty egg-shell under the protection of | 
the bark of the tree. Later it ascends the tree and seeks a young leaf 
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Section of willow root exposed to light under stream bank and infested by 
Phylloxera salicola Perg. 
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at the base of which to settle. After a few days the petiole begins to 
swell at the point of attack and the gall gradually proceeds to form 
about the growing louse. If the wrong species of poplar is selected by 
the sexupare for depositing the sexes, the fundatrix will hatch from 
the winter egg but will not feed successfully on the foliage and finally 
will die without having shown any appreciable growth. 

I have bred a Syrphus fly (Pipiza pisticoides Will.) from a larva 
found feeding upon the sexuals of this aphid. 

The winged spring migrants (funditrigenia) in the latitude of San 
Francisco may be found in the galls from May to November. The 
alternate host-plant is as yet unknown to me. 


Prociphilus fraxini-dipetale Essig 

Pemphigus fraxini-dipetale Essig; Essig, Pomona College Journal of Entomology, 
I, 3, Sept. 1911. 

What I am inclined to consider as the sexupare of this species were 
taken under the bark of ash (Fraxinus oregana) March 16, 1915. On 
that date the sexupare were all dead and dried up and nearly all the 
winter eggs had hatched. ‘The young reddish stem-mothers occurred 
higher up on the tree either in cracks of the limbs or on the expanding 
foliage and excreted much cottony substance. On March 26, many 
of these stem-mothers were mature and were undoubtedly Proctphilus 
fraxini-dipetale, so that it would appear reasonably certain that the 
dead sexuparous migrants below were of this species in spite of the 
marked difference in antennal characters between them and the winged 
spring migrant. This difference in antennal structure between spring 
migrants and fall migrants is very noticeable among the Pemphiginez. 
The spring migrants of P. fraxini-dipetale have been taken both on ash 
and olive and occur almost all over California. They have joints III 
and IV of the antenne sensoriated while the fall migrants from ash 
bark have all 4 of the principal antennal joints with sensoria. From 
the dried up specimens of sexupare the following notes were taken: 
Costal and subcostal veins black, prominent; other veins with rather 
indistinct light brown smoky borders. Legs black. Thoracic wax 
glands as in Prociphilus. Antenne III, .37 to .42 mm.; sensoria 14 to 
17; IV, .18 to .27 mm.; sensoria 5 to 11; V, .19 to .23 mm.; sensoria 6 to 
7; VI, .18 to .20 mm. (unguis .04 besides); sensoria 5 to 6. Length 
of wings about 4mm. Place of collection, Walnut Creek, Cal. 

This species may perhaps prove synonymous with Prociphilus vena- 
fuscus Patch. 

Euceraphis gilletter sp. nov. 


Winged viviparous female-—General color pale apple green. The majority of 
individuals are quite bare but some of those of the later generations secrete a scanty 
amount of greyish-white flocculence. Antenne much longer than the body, on frontal 

5 | 
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tubercles which are large and slightly gibbous. The basal joint is also slightly gibbous. 
The antenne are pale green jn color with the articulations of joints III and IV, apical 
third of V, apical half of VI, and filament, blackish. Sensoria of joint III number 13 
to17. They are on basal third, are transverse oval, elongate, and not placed so closely 
together as in EL. betule Kalt. Filament of VI about three-quarters as long as the 
joint. Eyesred. Ocellirather large. Thoracic lobes and scutellum light greenish- 
brown. Wings rather narrow; stigma long and narrow; stigmatic vein deeply 
curved; veins not as dark as in betule. Legs pale green; knees, tarsi and tibial apices 
black or dusky. Anterior margin of femora with a row of brownish spots, often coa- 


MEASUREMENTS 
Length | Width | Wing | Hind Cor- | 
_of body | of body | expanse |_ tibia BEE nicles ORE 
| | ; | 
| 
1. Stem-mother; Walnut Creek, Cal.| 2.50 74 E55 58 .106 22 
Alnus rhombifolia, March 23, DoD, .106 
1915. 
2. Stem-mother; Walnut Creek, Cal.} 2.51 9.24 60 141 
Alnus rhombifolia, March 23, .140 
1915. 
3. Second generation; Walnut Creek,| 2.45 83 8.70 2.79 62 140 22 
Cal. Alnus rhombifolia, April 131 
24, 1913. 
4. Second generation; Walnut Creek, 
Cal. Alnus rhombifolia, April 
24, 19138. 
5. Second (?) generation; San José,) 3.64 .93 EGE | IBF ore 68 136 22 
Cal. Alnus rhombifolia, May 3.46 136 
5, 1912. 
6. Generation (?); Colorado. Betula 9.33 3.01 .67 SUG SA 
fontinalis, August 1, 1909 3.05 .136 
(C. P Gil'ette). 
ANTENNE 
il Il | TIL IV V | VI Fila- Sensoria 
| ment (Iq) 
.19 .09 ih gif 16 .66 .30 Bi, 16 - 
1 18 09 1.34 73 63 .30 18 15 
.25 11 ibe ffl 96 80 15 
3 20 11 1.74 98 84 34 22 15 
1.72 96 84 34 20 14 
4 1.67 97 ao 34 20 15 
24 105 74 i 1.03 41 31 16 
5 26 105 ibayfl IL rA7/ Od 43 30 13 
23 11 fe 1.16- .97 41 30 17 
6 24 11 71 1.16 9a 41 31 16 
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lescing. Basal third of tibia with brown or blackish margins. Abdomen narrow 
without markings. Cornicles a little longer than wide, slightly constricted in the 
centre, the apex flaring and slightly oblique to the somewhat enlarged base. Cauda 
globular, longer than the cornicles, constricted in the centre. Cornicles and cauda 
concolorous with the abdomen. Anal plate indistinctly emarginate. Cauda and 
anal plate thickly beset with spines. Beak pale green, tip black, reaching almost to 
the second pair of coxze. Short hairs occur on antenne, head and legs. On the sides 
of some of my specimens on the three basal abdominal segments occurs a pair of 
indistinct pale blunt tubercles surmounted by a spine. The stem-mothers are 
winged and their appendages are relatively shorter than those of later generations. 
Pupa.—Similar in color to the winged female. ‘Tarsi and articulations of antennal 
joints black. Long capitate spines occur all over the body in rows. Three mature 
specimens measure respectively 2.96 x 1.22 mm., 3.20 x 1.34 mm., 3.14x .96 mm. 


A narrow elongate species occurring in California on the under side 
of the leaves of Alnus rhombifolia Nutt., and in Colorado on Betula 
fontinalis and Alnus sp. For the Colorado specimens I am indebted 
to Prof. C. P. Gillette who figured the antenna of this species in JouR- 
NAL OF Economic Enromoxuoey, August 1910, p. 370, under the name 
of Euceraphis sp. 


Eucallipterus flavus Davidson 


Euceraphis flava Davidson; JouRNAL Econ. Ent., Vol. V, No. 5, Oct. 12. 


Oviparous female.—General color pale yellowish white. The individuals are some- 
times slightly woolly but more often bare. There is a patch of silvery flocculence on 
either side below the cornicles. The thorax and abdomen bear four longitudinal 
rows of dusky subquadrate areas and of these the two central ones on abdominal 
segments 4-8 inclusive are generally coalesced so as to form 5 rectangular areas. 
Antenne on small frontal tubercles, longer than the body, pale with the articulations 
blackish. Joint VI is slightly longer than its filament. Cornicles black, much 
widened basally, .12 mm. long and constricted in the centre. Cauda pale yellow, 
globular, heavily beset with spines. Legs pale, the tarsi dusky. Hind tibia very 
slightly enlarged, sensoriated. Anal plate not bifurcid, beset with spines. Beak pale 
with the tip dusky, reaching a little beyond the second coxal pair. There are 6 rows 
of indistinctly capitate spines down the thorax and abdomen. The eighth abdominal 
segment bears on its posterior margin 18 spines. 


‘Collected in October 1913 and 1914 near Walnut Creek, Cal., on 
leaves of Alnus rhombifolia Nutt. 

The oviparous female is very elongate and appears to be quite 
prolific as I have an example in the abdomen of which are 15 eggs of 
mature size. The eggs are laid in small groups at the axils of the new 
buds on the twigs or canes. They are sparsely clothed with silvery 
flocculence in the same manner as pertains in the Mealy Plum-louse 
(Hyalopterus arundinis Fab.). 


Male.—General color pale whitish-yellow. This form like the winged viviparous 
female is coated with a gray or bluish-gray flocculence. Antennal annulations dusky. 
Antenne on large frontal tubercles, much longer than the body, the relative length 
of the joints as in the oviparous female. Third joint with a large number of oval 
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transverse sensoria. Prothorax bears 2 longitudinal dusky bands. Thoracic lobes 
and scutellum black. On abdominal segments 2, 3, 4 and 7 occur on each a pair of 
dusky blunt tubercles on the sides. Cornicles dusky, much widened basally and 
constricted in the centre. Tarsi and apex of tibie black, rest of legs pale. Wings 
large, second fork of third discoidal midway between first fork and wing apex. Cauda 
and anal plate pale, former globular and beset heavily with spines, latter emarginate. 
Apical margin of seventh abdominal segment dusky. Beak as in the oviparous 
female. 


The male is immediately recognizable from the winged viviparous 
female both by its smaller size and by the noticeable black thoracic 
lobes. During October 1914, the sexes predominated over the aga- 
mous forms and in the first half of November oviposition was in prog- 
ress. 


MEASUREMENTS 
Oviparous female Male 

2.70 2.37 Length of body 

94 Ore Width of body (max.) 
7.69 Wing expanse 

.120 .09 Cornicles (length) 
.125 .13 Cornicles (width at base) 
at il: Cauda (length) 
ml) AZ I—Antennze 
.09 .09 II 

1.05 130 III 
.69 .99 IV 
.60 .76 WA 
.00 44 VI 
.26 fo2 Filament 

eA 2.39 Hind tibia 


According to Professor Wilson’s key of the Callipterini (Can. Ent., 
XLII, 8, August 1910), this species runs either to Euceraphis Walker, 
or to Eucallipterus Schouteden. The broadened base of the cornicles 
and the cleft anal plate are indications of the latter genus, while the 
strong frontal tubercles and the lack of auxiliary ocellus-like tubercles 
on the forehead appear to indicate the former. On the whole I am 
inclined to place the species in the genus Eucallipterus. 


Myzocallis pasanie sp. nov. 


Winged viviparous female.—General color pale green mottled with patches of darker 
green. Antenne slightly longer than the body, fine, hyaline, situated on moderate- 
sized frontal tubercles; articulations black. Joint III bears on its enlarged basal 
sixth 2 or 3 circular sensoria. Joint I, slightly gibbous on its inner side. Eyes dark 
red. Thoracic lobes and scutellum greenish-brown. Legs very pale green, extreme 
base of all tibize and tarsi wholly black. Stigma pale green; at the base and apex are 
ill-defined brown areas. Immediate bases of first and second discoidal and of stig- 
matic vein clouded briefly brownish. Stigmatic vein visible for its entire length. 
Mesothorax bears a pair of short conical tubercles. On abdominal segments 1 and 2 
occur on each a pair of hyaline acutely conical tubercles, all four of which bear 3 spines. 
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Western Plant Louse Structures 
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Smaller and more blunt tubercles occur on the sides of segments 3 to 6 inclusive, but 
these are not very obvious. Cornicles hyaline, almost twice as long as broad, some- 
what constricted in the centre. Cauda globular, pale green, longer than the cornicles 
and thickly beset with bristles. Anal plate deeply cleft, spinous, pale green. Beak 
pale, extreme tip brown, almost reaching the second pair of coxae. 


The three pairs of dorsal tubercles in living specimens appear white. 
The two abdominal pairs are about three times as long as the meso- 
thoracic pair and of them the pair on the second segment is the longer. 
In living examples the whole body has many delicate pruinose mark- 
ings. The areas of darker green occur mostly about the base and 
along the sides of the abdomen. 

The insect is noticeably narrow-bodied and occurs on the under side 
of the leaves of tan-bark oak (Pasania densiflora Oerst.). The pupa 
is of the same color as the winged female, but is shorter and more 
robust. Dates of collection and localities for the winged viviparous 
female are as follows: Berkeley, Cal., June 12, 1914; Congress Springs, 
Cal., November 6, 1914; Berkeley, Cal., February 17,1915. The tan- 
bark oak is an evergreen tree. 


Measurements; Length of body, 2.04 mm. to 2.60 mm. Max. width of body, .73 
mm., to .97 mm. Cornicles, .09 to.12mm. Cauda, .17to.19mm. Wing expanse, 5.7 
mm. Antenne I, .078 mm.; II, .05 mm.; III, .72 to .87 mm.; IV, .60 to .70 mm.; 
V, .53 to .59 mm.; VI, .26to.29mm. Filament, .29 to .31 mm. 


Macrosiphum heuchere Thomas 


Siphonophora heuchere Thos. Thomas, 8th Rept. Ill., Nox. Ben. Ins., 1880. 

Apterous viviparous female —General color dark reddish-brown. Eyes red. An- 
tennz and cornicles black. Cauda reddish-brown. Legs black, basal third of femora 
and median portion of tibiz reddish-brown. Antenne about equal to the body in 
length, on slightly gibbous frontal tubercles. Filament of VI longer than III; IV 
and V subequal. Cornicles cylindrical, imbricate but not reticulate. Cauda ensi- 
form, twice as long as broad at base. Body sparsely armed with short hairs. Sen- 
soria circular tuberculate, about 26 on III, 7 on IV, 2 beside usual apical on V. One 
specimen has the joints III to V inclusive all fused together. Measurements: Length, 
2.13mm. Max. width (3d. abd. seg.), 1.00 mm. Hind tibia, 1.64 mm. Cornicles, 
.24mm.to.40mm. Cauda, .233 mm. Beak, .58mm. Antenne III, .53 mm.; IV, 
ooo mam.; V, .355 mm.; VI, 12 mm. Filament, .70 mm. Beak reaches beyond 
second coxe. 

Winged viviparous female. General color dark green. Wing insertions and ill- 
defined spots on the sides of the abdomen brick-red. Disk of abdomen with a large 
dusky spot. Head, thorax and cornicles black. Antenne black, base of III green. 
Cauda reddish-brown. Eyes dark red. Stigma gray, long and narrow. Legs 
black, basal fourth of femora and tibize éxcept the apex pale greenish-yellow. Anten- 
nz on frontal tubercles a little exceeding the body in length, filament longer than III, 
IV and V subequal. Cornicles cylindrical. Cauda ensiform. Beak reaching to 
middle coxze. Sensoria circular tuberculate, about 39 to III, 22 on IV, 70on V. One 
specimen has the antennal joints III, IV, V fused together so that the articulations 
are not discernible. Measurements: Length, 2.18 mm. Max. width (thorax) .83 
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mm. Expanse of wings, 7.00 mm. Hind tibia 1.64 mm. Cornicles, .30 mm. 
Cauda, .19mm. Beak, 56mm. Antenne III, .58 mm.; IV, .37 mm.; V, .365; VI, 
125mm. Filament, .81 mm. 


The newly-hatched young are pale yellow. 


Oviparous female.-—Wingless, general color light red. Legs and cornicles dusky 
yellowish-gray. Cauda pale yellowish-gray, shaped as in viviparous forms. Antennz 
dusky gray, joints I and II and base of III pale yellow, on slightly gibbous frontal 
tubercles. Joint I slightly gibbous on inner surface. Eyes dark red. Body sparsely 
armed with short pale hairs. Anal plate rounded, hairy. Hind tibiz somewhat 
swollen for their basal two-fifths and bearing in that portion numerous small circular 
sensoria. Cornicles imbricate. Sensoria of antenne circular tuberculate, about 
20 on III, 4 to 11 on IV, usual apical on V. While the female is egg-laying she be- 
comes darker in color and old examples are quite reddish-brown like the apterous 
vivipara. Measurements: Length, 1.56 mm. to2.04mm. Max. width (8d abd. seg.), 
.93 mm. Hind tibia, 1.28 mm. Cornicles, .31 mm. Cauda, .17 mm. Beak, .545 
mm, Antenne III, .35 mm. to .43 mm., IV, .21 mm. to .29 mm.; V, .215 mm. to .245 
mm.; VI, .07 mm. to .12mm. Filament, .533 to .763 mm. (The measurements for 
length of body and antennal joints give variation between largest and smallest 
examples; the other measurements are averages.) 


The “winter”’ eggs I have found laid on the flower-stalks of Heuchera 
hartwegit Dougl. They are at first pale yellow, later becoming jet 
black, shining. They were being deposited May 25, 1914. 


Male.—Winged, general color variable, dark reddish-brown to dark green. Much 
black is on the disk of the abdomen. Head, thorax and antenne (except base of IIT) 
black. Legs with more pale color than in the winged vivipara. Otherwise like the 
winged female but smaller. Antenne on somewhat gibbous frontal tubercles, much 
longer than the body, filament relatively longer than in the other forms. As in the 
winged female, the second fork of third discoidal vein is slightly nearer to the apex of 
the wing than to the first fork. All tibie slightly enlarged apically. Sensoria 
circular tuberculate, 27 to 38 on III, 12 to 19 on IV, 9 to 18 on V. Beak reaches 
second coxe. Measurements: Length, 1.55 mm. Max. width (thorax), .55 mm. 
Expanse of wings, 5.52 mm. Hind tibia, 1.44 mm. Cornicles, .22 mm. to .27 mm. 
Cauda, .125 mm. to :156 mm. Beak, .564mm. Antenne III, .48 mm. to .61 mm.; 
IV, .34 mm. to .38 mm.; V, .37 mm. to .385 mm.; VI, .12mm.to.14mm. Filament, 
.85 mm. to .94 mm. (first four measurements average of 4 individuals). 


A rather small, long-legged, dark-colored species frequenting the 
flower stalks of Heuchera hartwegit Dougl. All forms were taken May 
25, 1914, at Redwood Canyon near Walnut Creek, Cal. Thomas took 
this species at Sauk City, Wisconsin, on Heuchera hispida. 


EXPLANATION OF PLATES 26, 27 


1-3. Thecabius populicaulis. 1. Male (ventral view). 2. Sexed female (ventral 
view). 3. Sexupara, antenna. 

4. Prociphilus fraxini-dipetale; Sexupara, antenna. 

5-7. Euceraphis gillettei; alate viviparous female. 5. Antenna. 6. Cornicle 
(showing variation). 7. Cauda and anal plate. 

8-10. LEucallipterus flavus. 8. Alate viviparous female, cauda and anal plate. 
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9. Oviparous female (left side appendages removed). 10. Oviparous female, 
cornicle (enlarged). 

11-20. Macrosiphum heuchere. 11-13. Apterous' viviparous female. 11. 
Head and antenna. 12. Cornicle. 18. Caudaandanalplate. 14-16. Alate vivipa- 
rous female. 14. Antenna. 15. Cornicle. 16. Cauda and anal plate. 17-20. 
Oviparous female. 17. Head and antenna (showing abnormal coalescence of joints 
IlI-V). 18. Cornicle. 19. Cauda and anal plate. 20. Hind tibia. 

21-25. Myzocallis pasanie. 21. Head and base of antenna. 22. Cornicle. 23. 
Cauda. 24. Analplate. 25. Pair of tubercles on first abdominal segment. 

Figs. 1,2. Eyepiece 2, obj. 2/3 (tube drawn out to 160). 

Figs. 5, 9. Eyepiece 2, obj. 2/3. 

Figs. 21-25. Eyepiece 1, obj. 2/3 (tube drawn out to 170). 

Figs. 3, 4, 6, 7, 8, 11-20. Eyepiece 1, obj. 2/3. 

Fig. 10. Eyepiece 2, obj. 1/6. 


Scientific Notes 


Cotton Moth (Alabama argillacea Hubn.). The moths were observed in Kent, ~ 
Ohio, in large numbers September 23, 1914, following several days of warm weather 
with a strong south wind. This weather condition was produced by a high area that 
hung over the central Atlantic coast for some time, causing the storms to be deflected 
to the north through Canada instead of following their usual course. The moths 
were so abundant on this date, the time of their initial appearance for the season, as 
to almost cover portions of telegraph poles upon which they were resting. 

Smaller flights were observed on two or three other nights though the dates were 
not recorded except that for October 16, a time when weather conditions were similar 
to those described for September 23. On each of the other occasions, the moths ap- 
peared after a period of south winds. 

The flight at Kent, Ohio, was nowhere near as abundant as one observed at Bata- 
via, N. Y., during the fall of 1912 and indirectly recorded through an article published 
in the local paper. R. W. BRAvcHER. 


The Cabbage Curculio (Cewtorhynchus rape Gyll.) Injuring Radishes. During 
the last two weeks of April a number of reports reached the department of entomology 
of a small snout beetle seriously injuring radishes. Several of the inquiries were 
accompanied by the insects. On other occasions the injury was investigated by men 
of the department. In most of the instances it proved to be the cabbage curculio 
(Ceutorhynchus rape). On some occasions as many as a dozen beetles were found 
around the stem of a single plant, and in several cases they were found feeding on the 
root an inch beneath the surface of the soil. The beetles were taken in several gar- 
dens from Manhattan on east as far as Kansas City. They were also found at Atch- 
son, Kansas. In many cases the early radishes were completely destroyed. 

Gro. A. DEAN, 
Entomologist, Kansas Experiment Station. 


Radishes Seriously Injured by Flea Beetles. Over a considerable portion of 
the eastern third of Kansas, the early radishes were very seriously injured by the 
striped turnip flea-beetle (Phyllotreta vittata Fab.) and the western cabbage flea- 
beetle (Phyllotreta pusilla Horn). In many instances they appeared in unusually 
large numbers and the radishes were entirely destroyed within one or two days. In 
most cases the turnip flea-beetle was more abundant than the other. The work of 
both species was confined principally to the succulent stem just at the surface of the 
ground, causing the leaves to dry up and die. In some cases they also fed on the 
leaves, especially where the plants were an inch or more in height. Some of the 
truck growers report that the second and even the third plantings were destroyed. 

: Gxro. A. DEan, 
Entomologist, Kansas Experiment Station. 
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Progress on the Manual of Dangerous Foreign Plant Pests. At the Cleveland 
meeting, December 1912, a resolution was passed by the American Association of 
Horticultural Inspectors (now a section of this association) “that a publication be 
issued giving brief illustrated accounts of (1) the various dangerous insect, fungous 
and other enemies of vegetation liable to be introduced on nursery stock or other 
plant products, (2) similar pests already present in portions of this country and which 
may be spread on plant products.” 

A committee was appointed to take up this matter with the Federal Horticultural 
Board and this committee reported at the Atlanta meeting, December 1913, that 
the Bureau of Entomology had undertaken the work at the request of the Federal 
Horticultural Board., 

The news letter of the Bureau of Entomology for May states that this manual is 
now rapidly approaching completion. It is intended to serve as a guide for inspectors 
and field entomologists to the insects liable to be brought into this country on foreign 
nursery stock. It will surely be welcomed by all engaged in the work of inspecting 
imported stock and we await its appearance with great interest. W. EK: B:; 


A Breeding Record by Anthrenus verbasci Linn. The following record is of inter- 
est because it shows the tenacity of life exhibited by certain insects under adverse 
conditions. April 4, 1902, two ears of corn infested by this insect were received and 
placed in a two-quart Mason jar and kept tightly closed. There was no moisture 
aside from that in the somewhat dried corn. Breeding continued uninterruptedly 
and at the end of seven years, namely, April, 1909, the bottom of the jar was nearly 
covered with fine, white, globose particles, apparently starch grains falling from the 
eaten kernels of corn and a thick mass of the brown larval skins and other débris. An 
examination of this same jar June 14, 1915, revealed, after some search, one living 
grub although the insects were distinctly less abundant than six years ago. On this 
latter date there was a distinctly pungent odor to the contents, somewhat suggestive 
of acetic acid and a marked increase in the masses of brown, apparently webbed- 
together exuvie and other organic débris, some of these having a diameter of over an 
inch. There was fully a half cupful of powdered corn and corn cob dust. All of the 
material was returned to the jar and the breeding is being continued without the 
addition of any moisture. Be PR? FELT. 


Liquid Excretion by Dreculacephala reticulata. While studying the habits of 
this Jassid it was noticed that the method of excretion was in some respects quite 
different from that of the “Sharp Shooters,” as described in IJnsect Life, Vol. V, 
pp. 150-154. In the case of reticulata, nymphs of all instars as well as adults excrete 
the drops of liquid in a similar manner, though the drops are of course smaller in the 
earlier nymph stages. 

These small drops of water-like liquid, voided from the tip of the abdomen, re- 
mained poised for an instant, and were then flipped off in whichever direction the 
tip of the abdomen happened to be pointed. The excretion usually takes place 
while the insect is feeding, the rate at which the drops form varying considerably. 
Each drop is cast off with such speed that it is difficult for the eye to follow. When 
caught on a slide or on cotton they evaporate quite rapidly. Several drops were 
caught on absorbent cotton on which they retained their original spherical shape. 
The discharge ceases when the insect is disturbed and there is no indication of an 
effort to throw it in the direction of the intruder. 

At a temperature of 70° F. the drops from three adults, two females and one male, 
were counted for periods of five minutes. The result was 168 drops for the male 
and 225 and 281, respectively, for the females. The drops vary slightly, averaging 
45 mm. in diameter, so at this rate each individual excretes about 4 cubic mm. 
per minute. W.H. Larrimer, Bureau of Entomology, 

Cereal and Forage Insect Investigations, U. S. Department of Agriculture. 
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A Curious Feeding Habit of Chrysopa rufilabris Burm. Last fall while collecting 
locally at Lafayette, Indiana, a chrysopid larva was noticed on a leaf of Cynoglossum 
officinale forcing its long slender mandibles through the epidermis into the burrow of 
a leaf miner. On closer observation it was seen that the larva was energetically 
bent on impaling the maggot-like leaf miner on its mandibles. The mandibles were 
thrust into the leaf repeatedly, the insect bending its head and body in all directions 
as it probed in its efforts to reach the miner. Finally the miner was cornered in its 
burrow and sucked dry by the larva. A number of similar mined leaves and miners 
were collected and the adults obtained from them were identified by Dr. J. M. 
Aldrich of the Bureau of Entomology as Agromyza jucunda Vdw. The chrysopid 
larva was brought into the laboratory and fed on aphids found on cabbage until it 
reached maturity and spun its cocoon. The adult obtained was very kindly deter- 
mined as Chrysopa rufilabris Burm. by Mr. Nathan Banks. 

Dante G. Tower, M.8., Scientific Assistant, Bureau of Entomology, 
Cereal and Forage Insect Investigations, U.S. Department of Agriculture. 


Notes on an Uncommo)n Blist2r Beetle. On the afternoon of April 18, 1915, 
I was inspecting the bloom in a three-year-old plum orchard at my place in Brown 
County, Indiana, when I discovered that the trees were covered with a blister beetle 
that was unknown to me. 

This form was subsequently taken to my house and identified as Pomphopea enea. 
It is listed in Blatchley’s Coleoptera of Indiana as being a rare species taken by him 
in only two counties. 

The beetles were eating the entire substance of the flowers of the plum and were 
more numerous on the Burbank than on any other sort. This perhaps on account of 
the fact that the Burbank blooms earlier than the varieties with which it was planted. 

On one tree over two hundred beetles were counted and their destructive work was 
incredibly rapid. They would attack a branch loaded with bloom and eat it up before 
my eyes in the space of a very few minutes. They seemed to eat first the petals of 
the flower and then rapidly consume all of the flower parts down to the petiole. 

I immediately ordered out a spray machine and within an hour after I first noticed 
the beetles we had sprayed the trees with lead arsenate at the rate of three pounds to 
fifty gallons of water. An inspection on the morning of April 19 indicated that the 
spray applied-the day before had not seriously inconvenienced the pests. A few 
dead beetles were found under the trees but their numbers were not noticeably 
lessened. 

We then sprayed the trees again using five pounds of arsenate of lead to fifty gal- 
lons of water and we added one pint of Black Leaf 40 to each fifty gallons of the mix- 
ture. Twenty-four hours later not a beetle could be found on the trees although 
there were some dead ones on the ground under the trees. 

Not finding many dead beetles leads me to believe that the tobacco acted as a 
repellant and that the beetles simply moved on to other pastures—although so far I 
have heard no complaint from my neighbors. 

The beetles destroyed the entire crop of Burbank and seriously damaged the bloom 
on the America and Red June plums. 

On the same date that I first observed the beetles on our trees my former chief 
deputy, Mr. Frank Wallace, found them feeding on the bloom of plum trees (variety 
not given) in his brother’s orchard in Morgan County. This locality is about fifteen 
miles northwest of my place. 

The literature on this pest seems to be very scant and I would like to hear from any 
one who has had a similar experience to mine. 

BENJAMIN W. Dovuatass, Trevlac, Ind. 
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Scientific men and the parties they serve are both coming to recog- 
nize more fully the need of studying field conditions and watching the 
outcome of remedial or control measures. This is one of the encourag- 
ing signs of the times and means a more practical turn to economic 
or applied entomology. Federal and state agencies are so well dis- 
tributed throughout the country, that an important insect outbreak 
does not remain undiscovered long. Usually several investiga- 
tors are in the field before serious damage has been caused. In cases 
of outbreaks by well-known insects, demonstrators of one kind or 
another are available to show the farmer just how to fight the pests 
effectively and in case of necessity they may take the lead. The work 
of the demonstrator is exceedingly important because entomology 
becomes economic only in proportion as it is used. The mere posses- 
sion of adequate knowledge is not sufficient. It must be successfully 
applied in saving the crop. Directions, though most lucid, are not 
always correctly interpreted and the advisor usually must bear the 
blame. On the other hand, successful demonstrations cannot be 
disputed. The method is open to examination and the practical 
man finds it relatively easy to check up and ascertain the error, if 
one exists. Demonstrational agencies have greatly increased in 
recent years. There are some entomologists who give much time 
to work of this character. Nursery inspectors are available for this 
purpose to some extent at least. The recent great development of 
the farm bureau work has resulted in a large increase in men possessing, 
in most cases, both scientific training and practical experience. They 
are peculiarly adapted to serve as intermediaries between the investi- 
gator and the agriculturist. They handle the simpler cases with little 
or no professional assistance and they are coming, on the other hand, 
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to appreciate the value of the entomologist in solving the more difficult 
or unusual problems. The demonstrator is a valuable aid to progress 
though it never should. be forgotten that successful demonstration 
must rest upon a substantial foundation of ascertained facts. 


Obituary 


Mr. Harry M. RusseEwu of the Bureau of Entomology died at the 
home of his father, W. C. Russell, at Phoenix, Ariz., June25. He was born 
in Bridgeport, Conn., March 30, 1882, was graduated from the Bridge- 
port High School in 1901, and from the Massachusetts Agricultural 
College in 1906 with highest honors. He then entered the service of 
the Bureau of Entomology of the United States Department of Agri- 
culture, as entomological assistant and was assigned to work on truck 
crop insects under Dr. F. H. Chittenden. He published several papers 
in this JouRNAL, and in bulletins and circulars of the Bureau, showing 
the results of his work. He was an active member of this Association 
and frequently attended its meetings. In 1913 he went to Arizona 
for his health. In his death his fellow-workers realize that the subject 
of economic entomology has suffered a distinct loss. A widow and 


several children survive. 
Week iB: 


Observation on Drinking of Rhogas in Confinement. An adult female Rhogas 
terminalis was put in a few drops of water to dissolve feeding-syrup from her tarsi 
(an unusual matter, as syrup is not used at the Hagerstown, Maryland station, 
but honey-water, through the vehicle of a piece of saturated sponge). The abdomen 
of the female was not normally rounded out, but as soon as she touched the water 
she became absolutely still, and it was at once noticed that she was engaged in drink- 
ing. There was a perceptibly regular pulsation of the water for a period of at least 
five minutes, during which time no member of the female’s body moved. At the 
end of this period she crawled out of the water with the abdomen properly distended. 

W. E. Pennineton, Assistant, Bureau of Entomology, 
Cereal] and Forage Insect Investigations, U. S. Department of Agriculture. 
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Current Notes 
Conducted by the Associate Editor 


Mr. E. A. Vaughan has succeeded G. W. Ells as field assistant in entomology at 
the Alabama Station. 


Mr. T. H. Parks has resigned as field entomologist of the Idaho Station to engage 
in private work. 

According to Science, Mr. H. Scott, of Trinity College, Cambridge, has been 
appointed curator of entomology in the University. 


Mr. A. H. Hollinger, assistant in entomology, has been made deputy inspector of 
nurseries at the Missouri University and Station. 


Dr. Frank L. Thomas has been appointed assistant professor of entomology and 
assistant entomologist at the Alabama College and Station. 


Mr. H. J. Reinhard, a recent graduate of the Ohio State University, has been ap- 
pointed assistant in the nursery inspection work in Iowa. 


Professor J. G. Needham has been elected president, and Professor O. A. Johann- 
sen, treasurer, of the Alpha Chapter of Sigma Xi at Cornell University. 


Dr. L. O. Howard, Chief of the Bureau of Entomology, planned to visit certain 
field stations of the bureau during July and August, especially in the far West. 


Dr. A. H. McCray, Bureau of Entomology, planned to transfer his work on bee 
diseases to the Drummond Laboratory about July 1. 


Mr. L. P. Rockwood, Bureau of Entomology, has returned to his field station 
from an investigation of alfalfa insects in the Yakima Valley, Wash. 


Mr. J. J. Davis, Bureau of Entomology, has returned from a trip of investigation 
of Lachnosterna through Wisconsin, northern and southern Michigan. 


Mr. W. R. Walton, of the Bureau of Entomology, has investigated an outbreak 
of chinch bug in western Virginia. 


Mr. James A. Hyslop, of the Hagerstown laboratory, Bureau of Entomology, has 
investigated wireworm outbreaks in New Jersey and New York. 


Mr. P. R. Myers, of the Hagerstown station, Bureau of Entomology, has investi- 
gated the Hessian fly situation in Pennsylvania. 


Mr. W.S. Fisher, Bureau of Entomology, has just returned from Harrisburg, Pa., 
where he is carrying on investigations of the hickory bark beetle. 


Prof. G. W. Herrick, of Cornell University, visited Louisiana during June to inspect 
the work on the boll weevil and on malaria mosquitoes. 


Mr. Max Kisliuk, Jr., has been appointed a temporary field assistant, Bureau of 
Entomology, and detailed to investigate the house fly at Drummond, Md. 


According to Science, Joseph Farrigan, mining engineer and entomologist, and at 
one time a co-worker with C. V. Riley, died at his home in St. Louis, May 9, aged 
58 years. 

Mr. Harrison E. Smith, of the Springfield, Mass., station of the Bureau of Ento- 
mology, has already begun grasshopper investigations in Vermont and New Hamp- 
shire. 
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Mr. T. J. Talbert, extension entomologist at the Kansas Agricultural College, has 
been appointed extension assistant professor of entomology at the Missouri Univer- 
sity and Station. 


According to Science, Dr. Cornelius Betten has resigned the professorship of biology 
in Lake Forest College to become secretary of the College of Agriculture in Cornell 
University. 

The investigation of insects affecting shade trees and hardy ornamental shrubs 
has been assigned by the chief of the Bureau of Entomology to the Forest Insect 
Investigations branch. 


Messrs. S. A. Rohwer and A. B. Gahan of the Bureau of Entomology visited 
Quebec, Can., Amherst, Mass., and New Haven, Conn., in June to examine speci- 
mens in the insect collections there. 


Mr. George S. Demuth, Bureau of Entomology, visited Winchester, Va., recently 
to assist the county agent there in establishing apiaries in two county schools. Inter- 
est in beekeeping among farm demonstrators is increasing. 


An experimental apiary was started this spring at the Iowa Agricultural Experi- 
ment Station at Ames. The work in apiculture at this station is under the imme- 
diate charge of Professor C. E. Bartholomew. 


According to Science, Mr. H. J. Quayle has been promoted to a full professorship 
of entomology in the citrus experiment station and graduate school of tropical agri- 
culture of the University of California. 


Dr. Hermon C. Bumpus, formerly professor of zodlogy in Brown University, and 
afterwards director of the American Museum of Natural History, was formally in- 
stalled as president of Tufts College, June 12. 


Science, under date of June 4, stated that Professor R. Newstead of the Liverpool 
School of Tropical Medicine, is in France, prosecuting entomological investigations 
from the point of view of military sanitation. 


Mr. Joseph J. De Gryse was appointed field assistant in the Bureau of Entomology, 
March 1, and assigned to work at the Falls Church, Va., station. He is assisting 
Mr. Heinrich in forest Lepidoptera. 


Mr. E. W. Rust, Bureau of Entomology, recently returned from a visit to Cali- 
fornia. In addition to assisting in inspection work for the Federal Horticultural 
Board, Mr. Rust is devoting considerable time to the unarmored scales. 


The following temporary field assistants have been appointed in the Bureau of 
Entomology and detailed for investigations of tobacco insects: Messrs. J. U. Gil- 
more, K. B. McKinney, A. D. Bosley, J. E. McMurtrey, and J. D. Smith. 


Professor Vernon L. Kellogg, of Stanford University, sailed for Liverpool on May 
29 to join the commission for relief in Belgium, and intends to spend the summer 
there in volunteer work for the commission. 


Mr. W. O. Ellis spent the summer in the insectary at the Iowa Agricultural Ex- 
periment Station at Ames. After September 15th he will be at the New York State 
School of Forestry at Syracuse as instructor in Forest Entomology. 


Messrs. E. K. Bynum and W. B. Williams have been appointed temporary field 
assistants in the Bureau of Entomology and detailed for the investigation of the 
cotton boll weevil. 
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Mr. A. B. Duckett, scientific assistant, Bureau of Entomology, has just returned 
from a trip in New Jersey, where he has been investigating insects injurious to 
strawberries. 

Mr. F. R. Cole, scientific assistant, Bureau of Entomology, a graduate of Pomona 
College, Cal., formerly located at Pasadena, Cal., has been transferred to Washing- 
ton, D. C. i 


Dr. C. P. Gillette, director, Agricultural Experiment Station, Fort Collins, Colo., 
whose name is widely known as a specialist on aphides, leafhoppers, and related 
groups, has been appointed collaborator of the Bureau of Entomology. 


Mr. G. E. Bensel, for several years interested in practical entomology, has been 
appointed as collaborator of the Bureau of Entomology, engaged in sugar-beet 
insect investigations, with headquarters at Oxnard, Cal. 


Mr. T. D. Urbahns, of the Pasadena field laboratory, Bureau of Entomology, is 
looking after serious outbreaks of grasshoppers in the San Joaquin and Sacramento 
Valleys, Cal. 

The present spring has witnessed an unusual outbreak of Galerucella cavicollis: 
which has been many times reported from Pennsylvania, New York, West Virginia» 
Michigan, and elsewhere, and has been especially injurious to cherry as well as peach: 


Mr. John B. Gill of the Monticello, Fla., laboratory, Bureau of Entomology, has 
just completed a tour of investigation of pecan insects, visiting points in Mississippi 
and Louisiana. 


Mr. A. B. Champlain, Bureau of Entomology, has been transferred from the 
field station at Colorado Springs, Colo., to the station at East Falls Church, Va., 
where he will continue his studies of beneficial forest Coleoptera. 


Mr. Carl Heinrich, Bureau of Entomology, has just returned from a two weeks’ 
tour in New York and Pennsylvania of investigations of the European pine-shoot 
moth (Hvetria buoliana) and an outbreak of cankerworms. 


Mr. Dwight Isely, Bureau of Entomology, who spent the winter months in Wash- 
ington for the purpose of making bibliographical records on grape insects, has returned 
to his field station at North East, Pa., to resume his duties in connection with grape- 
insect investigations. 


Mr. F. B. Milliken and Mr. F. M. Wadley, of the Bureau of Entomology, have 
found it advisable to remove their headquarters, formerly at Garden City, Kan., 
and will establish new quarters at Wichita, Kan., where more attention can be given 
to insects injurious to stored grains, cereals, and other stored products. 


The beekeepers of Iowa, Illinois and Missouri will join in holding a field meeting, 
Tuesday, September 7, at the Dadant apiaries, Hamilton, Ill. An inspectors’ con- 
ference will be held the following day, across the river at Keokuk, Iowa, and Mr. 
Frank C. Pellett, state apiarist of Iowa, will have charge of the program. 


Mr. George G. Ainslie, Bureau of Entomology, is investigating various species 
of Crambidz, which seem to be doing a great deal of damage in the cornfields the 
present year, making a trip through the states of Missouri, Kansas, Nebraska, South 
Dakota, Minnesota, Illinois, and Iowa. 

Dr. Henry Fox and Mr. W. T. Emery of the Bureau of Entomology, are away 
from their field stations at Charlottesville, Va., investigating outbreaks of the south- 
ern corn rootworm (Diabrotica 12-punctata) and the sugar-cane beetle (Ligyrus 
rugiceps) in southern Virginia. 
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Mr. C. N. Ainslie, of the Elk Point (S. D.) station, Bureau of Entomology, is on 
an extended trip through Nebraska and Iowa investigating the peculiar Hessian 
fly conditions that exist in those localities, codperating in lowa with R. L. Webster, 
entomologist in charge at the Iowa Experiment Station. 


Mr. Fred E. Brooks, Bureau of Entomology, has recently returned to his head- 
quarters at French Creek, W. Va., from an extended trip through the South in con- 
nection with studies of the distribution and destructiveness of various species of 
apple-tree borers, especially Saperda candida. 


Messrs. R. L. Nougaret and W. M. Davidson, of the Walnut Creek laboratory, 
Bureau of Entomology, in California, will be in attendance at the International Con- 
gress of Viticulture, convening in San Francisco in connection with the Panama- 
Pacific Exposition, and will present a paper on the grape Phylloxera in California. 


With the codperation of Mr. A. F. Burgess, in charge of moth work, an effort is 
being made to introduce Calosoma sycophanta into certain apple-growing regions in 
the West. It will also be introduced in orchard-growing localities in the Alleghany 
Mountain region. 


An interesting and important addition to the knowledge of the life-history of the 
brown grape aphid, Macrosiphum viticola, was reported in Science, Vol. 41, n.s., No. 
1066, by Messrs. A. C. Baker and W. F. Turner, Bureau of Entomology. Viburnwm 
prunifolium was found to be an alternate food plant on which the insect winters. 


Dr. A. D. Hopkins, Bureau of Entomology, has spent about ten days at Kanawha 
Station, W. Va., in connection with experimental work on insects affecting rustic 
work, a continuation of life-history studies on trap trees and general field work on 
forest insects. 


Mr. G. A. Runner, Bureau of Entomology, has closed his laboratory at Richmond, 
Va., and will hereafter be stationed at Clarksville, Tenn. He made a short trip to 
Schenectady, N. Y., in connection with the tests of X-ray control of the cigarette 
beetle. 


Mr. H. L. Sanford, inspector of the Federal Horticultural Board, recently detected 
a severe infestation of Targionia harti (Ckll.) on yams from the Philippine Islands. 
This scale insect has also been previously taken on tubers received from the West 
Indies. 


Mr. R. A. Cushman, Bureau of Entomology, who spent the winter months in the 
National Museum, in systematic work on parasites of deciduous fruit insects, has 
returned to his headquarters at North East, Pa., to resume his investigations in con- 
nection with parasites of the grape berry moth and other parasites of deciduous fruit 
insects. 


Mr. V. L. Wildermuth, Bureau of Entomology, is on a trip of investigation through- 
out northern Arizona, making observationson the distribution and work of Chetocnema 
ectypa and Languria mozardi, the former being quite destructive to corn and other 
crops, while the latter has been found much more destructive to alfalfa than in the 
eastern portion of the country. Other insects will also claim his attention. 


Mr. H. B. Scammell, Bureau of Entomology, engaged in cranberry insect investi- 
gations with headquarters at Pemberton, N. J., reports unusual abundance and 
injury from the so-called cranberry tipworm, Dasyneura vaccinii, in cranberry bogs 
in that state. Careful biological studies are in progress, as well as experiments with 
remedies. 
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Mr. E. H. Siegler, Bureau of Entomology, with headquarters at Grand Junction, 
Colo., reports very heavy damage to fruit in the Grand Valley by late spring frosts. 
Orchards have been found, however, with sufficient fruit to permit of experimental 
spraying for the codling moth, and there is abundant material of this species for life- 
history studies. 


The following temporary field assistants have been appointed in the Bureau of 
Entomology and detailed for investigations of tobacco insects: Messrs. D. M. 
DeLong, Charles Hauck, F. C. Liles, Frank G. Sorrels, Oakley M. Shelby, Mack S. 
Linebaugh, Samuel F. Grubbs, Carl A. Wickland, Richard K. Catlett, and Walter 
C. Nagle. 


A new quarantine inspection house is nearing completion in the Mall near the corner 
of Twelfth and B Streets N.W., Washington, D. C. In the future all nursery stock 
addressed to the Department of Agriculture will be delivered to this house for inspec- 
tion, and, if necessary, will be grown in quarantine in a a screened greenhouse 
constructed for this purpose. : 


Mr. A. H. Jennings, Bureau of Entomology, who has been in New York City for 
some months with the Thompson Pellagra Commission, has gone to Mound, La., 
where he will be associated with Dr. D. L. Van Dine in the investigation of malaria 
mosquitoes. The work of the Bureau of Entomology on pellagra has been discon- 
tinued. 


Mr. P. H. Timberlake, of the Salt Lake City laboratory, Bureau of Entomology, 
in Mr. Rockwood’s absence, is being assisted by Mr. Bevan, a temporary appointee 
from Colorado, in the distribution of the Canidiella parasites of the alfalfa weevil. 
Colonies of this parasite have been established at Murray, Salt Lake, Ogden, Kays- 
ville, and Taylorsville, and it is planned to place additional colonies at Holliday, 
Provo, Logan, Brigham, and Park City. 


Mr. W. D. Pierce, Bureau of Entomology, made a short trip during June to Atlanta, 
Ga., for a conference with the State Entomologist, and Thomasville, Ga., to arrange 
for codperation experiments between G. D. Smith of the Bureau of Entomology, 
and the Georgia State Board of Entomology, and to Clarksville, Tenn., for a con- 
ference with the men engaged in tobacco-insect investigations. He also visited 
various points in the boll weevil infested territory. 


The Alabama Polytechnic Institute has conferred the degree of Doctor of Science 
upon Altus Lacy Quaintance in charge of Deciduous Fruit Insect Investigations in 
the U. 8. Bureau of Entomology. Dr. Quaintance was at one time a student at this 
Institution, taking his Master’s degree therefrom. This is the first Doctorate of 
Science conferred by the Institution and bears testimony to the high quality of the 
scientific work which has been done by Dr. Quaintance. 


A new insectary building 19 by 25 feet is just being completed for the branch of 
truck-crop and stored-product insect investigations of the Bureau of Entomology. 
In addition to a spacious outside insectary for housing breeding material, the build- 
ing will furnish laboratory headquarters for stored-product insect tests, and a num- 
ber of effective appliances for testing methods of eliminating stored-product insects 
from prepared cereals and other materials infested by them are being installed. 


Among the temporary appointees in the Bureau of Entomology who commence 
their work in June, are the following: J. H. Newton, of Arizona, who will be attached 
to the laboratory at Tempe, Ariz.; George R. Bailey will be attached to the labora- 
tory at Gainesville, Fla.; J. H. Hart to the laboratory at Lafayette, Ind.; Eugene 
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Craighead to the laboratory at Hagerstown, Md.; W. B. Cartwright to the laboratory 
at Nashville, Tenn.; Miss Helen Atwood to the laboratory at Charlottesville, Va.; 
Lloyd Cortelyou to the laboratory at Wellington, Kan.; Miss Sally Hughes to the 
laboratory at Forest Grove, Ore.; and Manning Moody to the laboratory at Charles- 
ton, Mo. 


A mosquito drainage law was passed by the last session of the Connecticut legis- 
lature, without appropriation, placing the work in charge of the director of the State 
Agricultural Experiment Station, who may approve work done by voluntary con- 
tributions. It is hoped that an appropriation will be made by the next legislature. 
New York State has also enacted laws permitting the counties of Kings, Queens, 
Richmond, and Bronx to inaugurate mosquito improvement work, the costs and 
benefits to be determined and certified to the assessors by the boards of health. 
Attempted mosquito legislation in Massachusetts has failed at the last two sessions 
of the general assembly. Thus progress along this line comes slowly though surely. 


Mr. E. R. Sasscer, chief inspector of the Federal Horticultural Board, recently 
conducted some very interesting hydrocyanic-acid gas vacuum fumigation experi- 
ments with 30 bales of Egyptian cotton supplied by various New England cotton 
mills. The results of these tests indicate that the gas penetrates throughout the 
entire bale, and, in fact, adults of the common bean weevil (Bruchus obtectus Say), 
adults of the rice weevil (Calandra oryza L.), and larve of the clothes moths were 
killed at various points in the bales. This cotton has been returned to the mills, 
and is now being put through various milling tests in comparison with unfumigated 
cotton of a similar grade. All fumigated bales have been examined for residual 
gas, with the result that about five ten-millionths of a gram could be detected in each 
bale by the use of a very delicate test. 


During. the month of May a conference was held at Washington between repre- 
sentatives of the Bureaus of Animal Industry and of Entomology to discuss the proj- 
ect relating to the control of the house-fly and other insects in establishments operat- 
ing under the meat inspection act, which was recently approved by the Secretary. 
Messrs. Bishopp and Laake of the Dallas laboratory attended this conference. Imme- 
diately thereafter these men, in company with Mr. Shaw, sanitary engineer of the 
Bureau of Animal Industry, visited the meat-packing establishments at Chicago, 
Kansas City, St. Louis, Forth Worth, and Dallas. Many interesting observations 
were made and a report has been submitted which will be placed in the hands of the 
inspectors of the Bureau of Animal Industry for their guidance in preventing the 
breeding of flies. 


In connection with the Eastern Station of the Bureau of Entomology at East Falls 
Church, Va., there has been established a nursery which contains a number of species 
of conifers and oaks. The purpose of this nursery is to have immediately available 
small trees on which to conduct experiments dealing with oviposition, incubation 
periods, feeding of young larve, formation of galls, and the possibility of alternation 
of hosts of various forest tree insects. The Forest Service has supplied coniferous 
transplants in 100 lots of 21 different species, representing the following five genera: 
Picea (3 species); Pinus (12 species); Abies (3 species); Larix (2 species); Pseudo- 
tsuga (1 species). The oaks, which were secured by purchase, consist of 2 to 3 feet 
transplants of 10 individuals of each of the following species: Quercus alba, Q. bicolor, 
Q. coccinea, Q. macrocarpa, Q. velutina, Q. rubra, and Q. palustris. 


Greenhouse insects, including insects affecting ornamental and flowering plants 
grown in the home, conservatory, cold-frames, and in hothouses or greenhouses, 
have been made the subject of a special project of the Bureau of Entomology to be 
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directed by Mr. E. R. Sasscer. Mr. A. D. Borden, who for the past year has been 
making life-history studies of the citrus mealy bug at Pasadena, Cal., has been trans- 
ferred to Washington to assist in this project. The insect enemies of hothouse cul- 
tures of truck crops and small fruits, such as tomatoes, lettuce, cucumber, eggplant, 
strawberries, mushrooms, etc., will remain under the direction of the Office of Truck- 
Crop and Stored-Product Insect Investigations, as formerly. In connection with 
this new project Mr. Sasscer will codperate with the Bureau of Plant Industry and 
with the officials in charge of the Botanic Garden and the propagating gardens and 
greenhouses of the War Department. 


Mr. T. E. Snyder, Bureau of Entomology, returned June 23, from a ten days’ 
trip through the southern Appalachian Mountains in Virginia, Tennessee, and 
North Carolina to study the present status of infestation by the southern pine beetle 
(Dendroctonus frontalis) and to collect material; also to study the blight on white- 
pine twigs and the galls on spruce caused by a species of Chermes. In the course of 
his trip, the White Top Purchase Area in Virginia and Tennessee was visited, where 
the Forest Service, cut and burned the bark in March, 1915, on approximately 1,600 
infested pine trees. Mr. Snyder found only three trees containing broods of D. 
frontalis, and these trees were not in the immediate vicinity of treated areas, which 
indicates the success of the control work. In the study of the Che-mes blight the 
stands of spruce on White Top Mountain in Virginia, elevation 6,711 feet, were 
examined, as well as the white pine in the valleys, but no evidence of the pine twig 
blight or new Chermes galls were found in the localities where both were so common 
last year. 


Mr. F. C. Craighead, Bureau of Entomology, spent about two days at Chillicothe; 
Ohio, examining a large poplar plantation for insect damage and arranging for exper- 
iments in the control of the borer and other insects affecting the poplar. Also three 
days at Kanawha Station, W. Va., where he was successful in collecting a large series 
of all stages of the very rare cerambycid beetle (Leptuwra emarginatus) and making 
some interesting new observations on hickory, ash, and oak insects. Mr. Craighead 
has just returned from a trip to Boston to study the results of experiments in the 
control of Agrilus bilineatus, which is responsible for the death of oak trees defoliated 
by the gypsy moth. He reports that the experiments in disposing of the infestation 
in the principally infested trees has had a marked effect in reducing the number of 
dead trees. He also spent a day on Long Island inspecting the control work con- 
ducted on an estate against Scolytus quadrispinosus on hickory trees and Agrilus 
bilineatus on oak trees defoliated by cankerworms and tent caterpillars. He found 
that the control work had been done according to recommendations and with apparent 
success. 


Mailed August 16, 1915., 
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Report of Special Meeting of the American Association of 
Economic Entomologists, Berkeley, California, 
August 9 and 10, IQI5. - 


A special meeting of the American Association of Economic Ento- 
mologists was held at the University of California, August 9 and 10, 
1915. Joint sessions were also held with the Pacific Slope Association 
of Economic Entomologists. 

The attendance at each session averaged 45. Among the members 
and visitors present were the following: 


EK. A. Back, Honolulu, H. T.; E. D. Ball, Logan, Utah; F. C. Bishopp, Dallas, 
Texas; Lawrence Bruner, Lincoln, Neb.; A. F. Burgess, Melrose Highlands, Mass. ; 
R. E. Campbell, Hayward, Calif.; Mrs. R. E. Campbell, Hayward, Calif.; H. G. 
Champion, Oxford, England; Leroy Childs, Hood River, Oregon; T. D. A. Cocker- 
ell, Boulder, Calif.; G. A. Coleman, Berkeley, Calif.; R.A. Cooley, Bozeman, Mont.; 
W. M. Davidson, Walnut Creek, Calif.; E. M. Ehrhorn, Honolulu, H. T.; E. O. 
Essig, Berkeley, Calif.; S. W. Foster, San Francisco, Calif.; Geo. P. Gray, Berkeley, 
Calif.; Ralph Hopping, San Francisco, Calif.; L. O. Howard, Washington, D. C.; 
S. A. Johnson, Ft. Collins, Colo.; A. L. Melander, Pullman, Wash.; J. M. Miller, 
Ashland, Oregon; R. L. Nougaret, Walnut Creek, Calif.; C. E. Pemberton, Hono- 
lulu, H. T.; D. O. Robinson, Imperial, Calif.; E. E. Scholl, Austin, Texas; Mrs. 
EK. E. Scholl, Austin, Texas; H. 8. Smith, Sacramento, Calif.; A. T. Speare, Hono- 
lulu, H. T.; Mrs. A. T. Speare, Honolulu, H. T.; A. E. Stene, Kingston, R.I.; A. F. 
Swain, Berkeley, Calif.; O. H. Swezey, Honolulu, H. T.; Mrs. O. H. Swezey, Hon- 
olulu, H. T.; T. D. Urbahns, Pasadena, Calif.; E. P. Van Dyke, Berkeley, Calif.; 
F. A. Varrelman, Berkeley, Calif.; H. L. Viereck, Sacramento, Calif.; Alfred Warren, 
Honolulu, H. T.; G. P. Weldon, Sacramento, Calif.; H. F. Wilson, Corvallis, Oregon; 
and G. N. Wolcott, Rio Piedras, Porto Rico. 


In the absence of President Herrick the meeting was called to order 
by Prof. R. A. Cooley, first vice-president of the Association. 

A committee consisting of H. F. Wilson and the secretary were 
appointed to arrange the program and Dr. L. O. Howard was called 
to the chair. 

The following address was presented by Vice-President Cooley: 
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COMMENTS ON ORGANIZATION IN AGRICULTURAL COL- 
LEGE EXTENSION WORK IN ECONOMIC ENTOMOLOGY 


By R. A. Coouey, Professor of Zodlogy and Entomology, Montana Agricultural Col- 
lege, Bozeman, Montana 


Certain factors, recently new, tend greatly to stimulate interest in 
extension work in economic entomology. The same factors have given 
a new impetus as well to the extension efforts in other departments 
of agricultural knowledge but to those branches of the agricultural 
college often spoken of as the science departments, and including en- 
tomology, which are concerned in the more specialized branches of 
agricultural knowledge and require particularly the service of special- 
ists, the new movement comes bringing particular interest, new respon- 
sibilities and, above all, a great opportunity. In the opinion of the 
writer, official economic entomologists, in particular, are called upon 
to make a special effort in order that a right beginning may be made 
and that the fullest measure of good may result eventually from the 
present rapidly changing conditions. I refer in particular.to the 
Smith-Lever Act which became a law on May 8, 1914, and to certain 
items in the appropriations to the United States Department of Agri- 
“culture which authorizes extension work, but which are being expended 
largely in codperation with, and under the direction of, the agricultural 
colleges in the several states. 

When the Smith-Lever Act becomes fully effective in the fiscal year 
1922-23, if the states all accept the federal allotments, there will be - 
available in the United States from federal and state treasuries the 
sum of $9,160,000 to which may be added unknown but very material 
sums from the United States Department of Agriculture and from 
upward of 3,100 counties, all of which sums are to be expended under 
the direction of the agricultural colleges in extending ‘‘ useful and prac- 
tical information on subjects relating to agriculture and home econom- 
ics.” There is a very general sentiment that the counties should 
each appropriate a sum equal to that received from the state and federal 
governments. If this standard is reached the sum, aside from that 
received through the Department of Agriculture, will be again doubled. 
We may, therefore, roughly estimate that this work will be supported 
in about ten years by something like $20,000,000 annually. 

The agricultural college has thus laid out before it a new condition 
full of great possibilities to which it must adjust itself during the next 
few years. Economic entomologists are to share in the growth and 
development, but to what extent they will share will be influenced to 
some extent by the interest and zeal they show. 
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It has long been obviously true that a very imperfect use is being 
made of the great mass of practical entomological knowledge that has 
been accumulated. Remedial measures have been worked out for 
many of our more common insect pests, but, in many if not in most 
cases, these remedies are not put into general operation. As a rule 
the farmer recognizes and knows the proper treatment for only a very 
few of the chief insect offenders and the ones he does know are gener- 
ally those which if left uncontrolled would very seriously affect his 
erop. In other words, he uses remedial measures only when driven to 
it and often overlooks the more obscure injuries which nevertheless 
greatly reduce his profits. Many a farmer has grown and harvested 
a crop and placed the returns in his bank without ever becoming aware 
that his profits were less than they should have been. A striking 
instance of a farmer having overlooked a serious injury to his crop 
may be related from the writer’s experience. Reports of rather ex- 
tensive damage to fall wheat due to the army cutworm (Chorizagrotis 
agrestis Grote) had been coming to the office from a certain part of 
Montana. Knowing that a certain man who lived in town had a 
large field of wheat in that neighborhood, he was asked if his crop was 
being injured and he replied that he had been at the farm and examined 
the grain the previous day and found no injury being done and no 
cutworms. In passing the field the day following the writer examined 
it for the insects and found that injury was being done throughout the 
field though no spots had been made bare. It was estimated that 
there were about two cutworms present for every square foot of surface 
and in some parts of the field the crop had been very seriously injured. 

There can be no doubt that very much good has been accomplished 
through the agency of bulletins and circulars, correspondence, farm 
papers and institutes, but it is equally certain that farm practice may 
further be greatly benefited by putting into operation in a far greater 
degree the results of entomological investigations. Bulletins reach the 
farmer irregularly and if read are not often preserved. Many farmers 
dislike to write letters and find it difficult to thoroughly state their 
problems. Institutes are few in number, often come at a busy time 
of the year and frequently are held at a considerable distance from the 
home. The results of a survey made by the Bureau of Plant Industry 
and published in Circular No. 117 showed the farm papers to be the 
most popular among the various helpful agencies, but specialists are 
often disheartened as they observe how inadequately these papers 
meet the requirements. Entomologists have observed in the papers 
not only grave errors, but discussions that do not apply at all to the 
conditions that the readers of the particular paper have to contend 
with. If the entomologist criticizes he is asked to prepare more articles 
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which only further indicates that the public is in need of reliable in- 
formation. Of all of these agencies it may be said that they are largely 
lacking in the element of vital contact with the farmer’s real needs. — 

Our knowledge of insects and of means of control have gone far in 
advance of the farmer, and entomologists, in particular, are in need of 
such a means as has been provided for disseminating knowledge of 
insect control and demonstrating its value. We may or we may not 
approve entirely of the details of the method that is being so rapidly 
established but it has come to stay, apparently, and we may as well 
face the fact and prepare to meet the conditions. 

The Smith-Lever Act specifies that its benefits shall be applied 
through the college or colleges now receiving the benefits of the first 
and second Morrill acts, that is, the agricultural colleges, which in 
some states are separate institutions and in some are maintained as 
colleges in the state universities. The problems incident to the new 
work, therefore, come to college rather than to experiment station 
officers. The act is broad in its provisions with respect to how the 
funds shall be made effective. Nobody knows what the completed 
organization shall be or how the many questions that are arising are to 
be met. Already, however, the states have in large measure com- 
mitted themselves to the employment of resident advisers in the coun- 
ties. These have received various names, including farm demonstra- 
tors, county agriculturists and county agents. For the purposes 
of the remainder of this paper they are called ‘‘county agents”’ or 
“agents.” - 

The college departments’ relationship to the county agent needs to 
be carefully defined. In the nature of the case the men to fill these 
county positions must be general in their training and experience. 
They cannot be specialists, though it is entirely possible that as the 
system develops special agents or specialist agents may be employed 
to meet local requirements. These, however, will be few in number, 
at least for many years. 

Yet these generally trained men will be the ones to whom in large 
measure the requests for information regarding the identity, life-his- 
_ tories and control of insect pests will come. They are the ones who 
will be in contact with the people. In this respect, the system is weak 
but under the circumstances it is the best that can be provided and 
with proper codperation good results may be secured. The county 
agent will need the help and backing of his college and a clear under- 
standing of what is expected of him, for he has little precedent for his 
guidance and since he is the mouth-piece of many college departments 
and is expected to teach truly their doctrines, he has, in a sense, many 


masters. 


October, 715] COOLEY: AGRICULTURAL COLLEGE EXTENSION. WORK 445 


His relationships with the home institution will necessarily be very 
complex and we can do little more at the present time than to state 
some general observations. He should consider himself to be not a 
dissociated, independent factor, but rather a medium of communication 
between the specialist and the farmer. He should realize that he is 
to dispense facts and not opinions and should early learn to practice 
the delicate art of saying, “I don’t know” when confronted by ques- 
tions that go beyond his knowledge or experience. He needs to be 
reinforced by the assurance that questions referred to the college will 
be answered promptly. 

For his part the specialist should, through deliberate plans, make a 
renewed effort to be helpful to the farmer through the agent. This 
point is discussed more at length below. It is apparent that close 
relationships and a complete understanding should grow up, paving 
the way for the quick settlement of questions that must arise. 

Numerous questions are arising. Following are some examples. 
Should agents train their farmers to make requests for information of 
the home institution through them? To what extent shall agents first 
get the approval of the home departments before starting special cam- 
paigns? Shall copies of the agents’ periodic reports be referred to the 
departments? It is believed that all such questions as these may be 
satisfactorily worked out by an observance of the general principles 
outlined above. 

In the past in many states a single entomologist has alone, or with 
little assistance, carried all four branches of the state’s entomological 
Service, namely, investigation, teaching, extension and law enforce- 
ment. That day is passing. The agricultural colleges generally 
retain one man as head of all entomological work in the institution and 
he, yielding to the dictates of efficiency, is finding it necessary to 
employ special investigators and special teachers. 

It seems desirable, first, to recognize as tenable the primary divisions 
of the work suggested above, not that we are called upon to at once, 
or perhaps ever, draw hard and fast lines of separation, but because as 
development occurs and new men are added, specially qualified assist- 
ants may be secured and all of the details of organization may be 
planned to harmonize. 

It is believed that at the outset we should recognize the extension 
work as a distinct and important branch of the state’s work in entomol- 
ogy rather than to attempt to accommodate the new duties among our 
miscellaneous activities. Each state will need one man or more whose 
duty it is to serve the needs of extension work and as entomologists 
generally now recognize teaching, research and law enforcing as natural 
branches, they will probably some day recognize extension work. It 
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is not unlikely that at some future time when there are a considerable 
number of entomologists who are especially interested in extending 
knowledge of economic entomology, there will be established a division 
or branch of this Association to facilitate interchange of ideas. For 
our present purposes we may call him the ‘extension entomologist.”’ 
Some states have had field representatives who have been of much 
service in keeping the home institution in touch with field conditions. 
These men have been charged particularly with getting information 
from the field, rather than with giving it to the farmers. It will be 
but natural to combine in the duties of the extension entomologists 
the work which some states have had the field men do; that is, as they 
are about the state do special errands, such as collecting specimens, 
materials and notes for the use of the research men and teachers. He 
can be of great service in numerous ways. His special interest will be 
to gather and systematize information from all sources, but particu- 
larly from his co-workers in his own state and not only get it to the 
farmer, but get it into practical use by the farmer. While his particu- 
lar interest is to effectively extend knowledge he need not and should 
not lose the same scientific spirit that now actuates entomologists. 
We wish the results of our investigations to be taken to the farmer by 
the entomologist and in the same spirit as in the past. It could not be 
as effective to have entomology combined in one man with some other 
special line, perhaps plant pathology, though for a few years we may 
be called upon to accommodate ourselves to such adjustments. We 
should, as soon as possible, have our own representatives in the field. 

Farming interests have suffered heavily in the ,past through the 
experiment station’s being uninformed or poorly informed concerning 
insect injuries that are taking place. The extension entomologist may, 
through his county agents and through his own observations, do much 
to prevent widespread damages. In Montana this spring we expe- 
rienced a widespread and very serious outbreak of army cutworms. 
In one county, alone, it was estimated that 12,000 acres of fall grain 
were eaten off, requiring replanting. We have no way of knowing 
just how many acres of grain were destroyed in the whole state, but 
it is probable that 100,000 is not very far from correct. Beside this, 
many thousands of acres were saved through the timely use of remedies 
which the state entomologist reeommended. Much more could have 
been saved if the office had been informed in time. If the agents had 
been trained to observe the first indications of the presence of this 
insect or if the department had had a representative in the field, we 
should have received earlier advice. 

It is too early to completely outline the duties of the extension 
entomologist, but some things he should do are already apparent. In 
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the first place, the agents will naturally apply directly to him for 
information and he will be in charge of the department’s relationships 
with agents. He will naturally travel much, going from one agent to 
another and helping in the solution of local problems, looking into 
outbreaks and aiding in their control. He will naturally aid in survey 
work in states where this is under way and will contribute to the build- 
ing up of the department’s collections. 

The extension entomologist should be much in demand for lecturing 
at institutes, in short courses at and away from the home institution 
and in high schools. In this connection he may equip himself with 
charts, lantern slides, demonstration materials and life-history exhibits. 
He may prepare many circulars of information and articles for news- 
papers. 

In placing emphasis at this time upon the importance and utility of 
extension service in entomology, the writer wishes particularly to be 
not understood as losing a sense of perspective or of losing sight of the 
importance of the other branches. This new movement should be 
received and adopted by official economic entomologists as a unit to 
be placed among the other units in the state’s entomological system. 
It will have, therefore, its organic relationship to the other branches 
of the service. We cannot at this time enter upon a full discussion of 
these matters, but some comments seem to be timely. 

We have mentioned a primary classification of official entomological 
service. The fundamental or central branch is undoubtedly research 
and an effective state organization will necessarily give a large place 
to investigations which will go deeper and deeper into the unknown 
and more and more illuminate the whole system. The main interests 
of entomological departments will undoubtedly continue to be research 
and teaching. The teacher of entomology, the extension worker and 
the inspection official must always look to the investigator to supply 
that element which gives stability to their work. At the same time, 
in whatever branch of the work one finds himself, it is believed that 
it is necessary that he keep alive in himself the true spirit of the 
scientist, a love for the truth, a worthy desire to uncover the unknown 
and add to knowledge. The extension entomologist can continue safe 
and reliable only as he keeps in touch with the on-movement of his 
science. Accordingly, he should be given an opportunity to a limited 
extent to work out some of the problems that arise in connection with 
his own work; that is, do some investigational work. He should be 
always essentially an entomologist even though engaged in extension 
work. 

Another point that should be made is that, while in the past station 
entomologists have been expected quite generally to attend to all mat- 
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ters of insect control, such as correspondence, lecturing and newspaper 
writing, they should now be largely relieved of these extras. There 
has grown up a strong tendency toward confusing extension work and 
experiment station work. ‘The farming public has needed help and the 
station has been the natural place to go for it. Yet the federal acts 
by which the experiment stations are endowed do not authorize exten- 
sion work. When the results of investigations are published, the 
experiment station’s responsibility ceases and the investigator, paid 
from federal funds, who turns aside from his studies to lecture to 
farmers, to write for the farm papers or to aid farmers by correspond- 
ence, if he does so to the extent of reducing the effectiveness of his 
researches, is not only infringing on the law, but reducing the efficiency 
of the organization. The situation has been met in the past by having 
the specialist’s salary paid in part from state funds over which federal 
authorities have no jurisdiction. This has resulted in interruptions 
and delays with which we are so familiar. The most serious effect has 
been perhaps a reduction in efficiency in research workers. There 
has grown up a tendency to accept and adopt standards which are 
lower than can be attained by allowing investigators to pursue their 
studies without serious distractions. 

In conclusion, emphasis should be placed on the fact that the passage 
of the Smith-Lever Act and the events which have grown out of it 
are of the greatest importance to economic entomologists. A new era 
of far-reaching developments seems to be indicated. In the past, 
entomological work has not received the public recognition that its 
importance merits, largely because of widespread popular ignorance 
of the subject, and if entomologists will be quick to see the significance 
of the new extension movement and to act, the scientific interests 
which we represent may be greatly benefited. 

The most immediate result should be an increased demand for well- 
trained young economic entomologists. Many new positions should — 
be opened during the next few years as the extension funds become 
available and this will affect teachers and research men as well as 
extension workers. This is clear when we stop to think that, in pre- 
paring men for the extension service, the teaching department will be 
called upon not only to teach entomology to the men who will become 
the county agents, but to train those who will serve as extension 
entomologists of which there should be eventually many. 

Having one or more trained observers out in the state much of the 
time will put the college in touch with problems that require attention 
and will suggest lines of research. These problems will naturally be 
the ones that. the farmers are interested in and a greater measure of 
sympathy and coéperation between the farmer and entomologist should 
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result. In Montana, we have already felt a marked increase in the 
demands for help from the farmers. These are coming partly through 
the agents, and the agents are always glad to codperate in these mat- 
ters, so far as they are able, for they feel that in this way they can 
show positive, tangible results, leading to outspoken approval from 
the farmers. 

Another result should be that we will fare better at the hands of 
the legislatures in all of our funds, but particularly in the appropria- 
tions for research. This should be brought about through the farmers 
and general public becoming better acquainted with the methods of 
work, aims and results of entomological research. 


Dr. L. O. Howarp: The address is now open for discussion. 

Mr. A. F. Burcess: The point made in the address in regard to 
securing well-trained entomologists, particularly in connection with 
demonstration work on the farm, merits careful consideration. It 
would seem well to keep this matter constantly in mind when positions 
are being filled. 

Dr. L. O. Howarp: One of the strong points in this address is 
that it looks forward to the future. Aside from being concerned with 
present conditions, it takes up in a comprehensive way future condi- 
tions and prospects. 

At the conclusion of the discussion the session adjourned at 11.30 
a.m. in order that the Pacific Slope Association of Economic Ento- 
mologists might hold a brief session. 


Afternoon Session, August 9, 1916 


The session was called to order by Vice-President Cooley at 2 p. m. 


_ This was a joint meeting with the Pacific Slope Association. 


Mr. H. F. Witson reported that at the Session of the Pacific Slope 
association a committee consisting of Mr. E. D. Ball and Mr. E. O. 
Essig had been appointed to consider what steps could be taken in 
order that the Pacific Slope Association might affiliate with the Amer- 
ican Association of Economic Entomologists. He requested that a 
committee of two members from the latter Association be appointed 
to consider the matter with the committee already appointed. 

It was voted that a committee be appointed, and the chair selected 
Mr. C. P. Gillette and Mr. A. F. Burgess to represent this Association. 

The following committee on resolutions was appointed by the chair, 
Messrs. E. A. Back, F. C. Bishopp and A. L. Melander. 

VICE-PRESIDENT CooLEy: The first paper on the program will be 
presented by Mr. Geo. P. Weldon: 
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THE WOOLLY APHIS AS A PEAR PEST 
By G. P. WEeLpon, Sacramento, Cal. 


(Withdrawn for publication elsewhere.) 


VicE-PRESIDENT CooLEy: The next paper will be read by Mr. 
O. H. Swezey. 


SOME RESULTS OF THE INTRODUCTION OF BENEFICIAL 
INSECTS IN THE HAWAIIAN ISLANDS 


By Orto H. Swezey, 


Entomologist, Experiment Station of the.Hawaiian Sugar Planter’s Association, 
Honolulu, Hawait 


Only a very few of the native insects of the Hawaiian Islands have 
become injurious to cultivated crops or plants. The insect pests 
occurring there are in most cases foreign insects that have arrived 
through the channels of commerce. The promiscuous importation of 
fruits, seeds, trees, plants, etc., from all parts of the world has been 
the ehief way by which the numerous insect pests have gained access 
to these islands. One has but to observe the profusion and variety 
of trees, shrubs, and plants in the public parks and private grounds 
of Honolulu to realize to what extent this has been carried on, for in 
all of this there is only an occasional native tree or plant to be seen. 

The most of this introduction of trees and plants was done before 
the present rigid system of plant inspection and quarantine against 
insect pests was instituted, and the insects have come along freely with 
their host plants. There are about seventy-five species of scale insects 
known in the islands, none of which are native, but all have been 
brought in in this way. The sugar cane leaf-hopper, too, so well 
known from its having caused such heavy loss to the sugar industry, 
is a striking example of a pest arriving with its host plant, coming in 
as it undoubtedly did in the egg stage in importations of cane cuttings 
for planting. 

Many insects have arrived in other ways through the channels of 
commerce, as in packing, in soil about the roots of plants, along with 
domestic animals, chance travellers on board vessels, etc. Some, not 
pests in their home country, have become pests here when established 
in the absence of their natural enemies. Observations on this line 
have led to the practice which is now so prevalent of searching for the 
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native home of a pest and making a study of its natural enemies for 
the purpose of introducing them to the countries where the insect has 
become established as a pest. 

Considering its size, Hawaii has probably accomplished more in the 
way of combating insect pests by the introduction of their natural 
enemies than has any other country. The first introduction of benefi- 
cial insects in Hawaii was when, following his remarkable success in 
the introduction of an Australian lady-beetle (Novius cardinalis) into 
California to destroy the cottony cushion scale, Mr. Albert Koebele 
also introduced it here, where it soon reduced the same pest to such 
scarcity that it is no more a menace to the trees and plants previously 
affected. A few are to be seen now and then on various plants and 
trees, but the lady-beetle is in such control that no serious infestations 
now occur. 

This introduction was as early as 1890, and shortly after, in 1893, 
Mr. Koebele was engaged by Hawaii to continue this work of finding 
and introducing beneficial insects. Many of the first successful intro- 
ductions were lady-beetles. About a dozen different species were 
successfully introduced by 1896, mostly from Australia and the Orient. 
Among these were Cryptolemus montrouzieri, Rhizobius ventralis and 
Rhizobius toowoombe which feed on various species of mealybugs; 
Celophora inequalis, Platyomus lividigaster, Scymnus laewti and Scymnus 
notescens feeding on plant-lice; Orcus chalybeus and Chilocorus circum- 
datus feeding on scale insects. Many other lady-beetles have been 
tried, but not all were successful. Some failed to become established, 
and others, although established, failed to increase sufficiently as to 
be of noticeable use. However, the combined work of all mentioned 
above has reduced greatly such pests as mealybugs, scale insects and 
plant-lice. 

Thirty or more species of hymenopterous parasites have been intro- 
duced, also, to prey on this class of insect pests. The lady-beetles 
are often seen busily feeding upon their respective hosts and the general 
public recognizes them as beneficial; but the parasites, often very 
minute, are seldom seen, and hence their usefulness is not generally 
known by people unfamiliar with their habits. Their presence may 
be determined by close examination and finding the tiny round holes 
which they have gnawed in the scale insects, in emerging from them, 
after completing their transformation in the place where they have 
been feeding on the living bug, or its eggs, beneath the scale. These 
seales with the tiny holes may often be found in great abundance on 
scale-infested plants, mute evidence of the usefulness of the parasites. 

Among the most valuable of the introduced Coccid parasites are: 
Encyrtus fuscus, Blepyrus marsdeni, Microterys flavus, Apentelicus 
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kotinskyi, Adelencyrtus odonaspidis. Scutellista cyanea, Tomocera 
californica, Tomocera ceroplastis, Aneristus ceroplaste, Coccophagus 
orientalis, Coccophagus lecanii, Aphelinus diaspidis and A spidiotiphagus 
citrinus. 

The usual sequence of beginning, increase and decline of an out- 
break of mealybugs or plant-lice is often to be seen. The pest may 
get a start at a time or in some place where there are none of its 
enemies, and may increase considerably before being found by any lady- 
beetles or parasites. These latter, having arrived in small numbers, 
begin to reproduce, and after a few generations increase sufficiently 
to become effective in checking the increase of the pest; then, after 
still further increase in numbers, finally exterminate the pest entirely. 
After such an outbreak of mealybugs, the adults and larve of the 
lady-beetle, Cryptolemus montrouzieri, may be seen in thousands, and 
their pup also in large numbers where the larve have congregated in 
some sheltered place for pupation. 

An occasional occurrence of this kind serves to illustrate the useful- 
ness of the parasites and lady-beetles, and also shows what conditions 
might prevail continuously if these pests were not kept pretty well in 
check for most of the time. More of these lady-beetles and parasites 
would be useful, and the entomologists of Hawaii avail themselves of 
every opportunity of securing them. 


_ LEAF-ROLLER PARASITES 


In 1895, among other parasites that Mr. Koebele introduced from 
Japan were Chalcis obscurata and Macrodyctium omiodivorum, which 
attack the pup and caterpillars of the leaf-rollers on sugar cane and 
coconut palms. These two parasites do a great deal of good in 
killing off these leaf-rollers. Chalcis obscurata also parasitizes the 
pups of several other leaf-rollers of fruit trees and garden plants, 
among them Archips postvittanus and Amorbia emigratella, once very 
abundant but now not very injurious. 

Macrodyctium omiodivorum is a small Braconid and chiefly attacks 
the larve of the sugar cane leaf-roller, Omiodes accepta. This is a 
native moth whose larve normally feed on grass and are always to be 
found in grassy regions, especially at elevations of 1,000 to 3,000 feet. 
Sugar cane fields in the vicinity of such regions are often subject to 
severe attack and considerable injury by these caterpillars. Since the 
- introduction of the Braconid, the leaf-rollers have been held in check 
in the cane fields, or if outbreaks occur at any place they are soon 
found by the parasites, which, having a very short life-cycle, are soon 
able to increase sufficiently to check the pest. 
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LANTANA INSECTS 


Another phase in the introduction of beneficial insects was the 
introduction of the lantana insects by Mr. Koebele in 1902. He made 
a thorough study of the insects preying exclusively on lantana in 
Mexico, to ascertain which could be safely introduced to serve as a 
check on this plant in Hawaii. Among the many species of insects 
studied, eight were successfully introduced and finally spread all over 
the islands. Of these insects, the maggots of the little black seed-fly 
(Agromyza sp.) destroy the seeds in the growing berries; the larve of 
two moths (Platyptilia pusillidactyla and Crocidosema lantana) feed in 
the flower clusters, thus helping to prevent the formation of fruit; the 
caterpillars of two butterflies (Thecla echion and Thecla agra) Pasi on 
the flowers; the larve of a tiny moth (Cremastobombycia lantanella) 
mine the leaves, thus causing them to become ineffective in the service 
of the growing plant; a small bug (Teleonenia lantane) feeds abun- 
dantly on the underside of the leaves, causing them to die and fall 
off; a gall-fly (Hutreta sparsa) produces large swellings or galls on 
freshly-growing shoots, thus checking the normal growth. 

The growth of lantana has been greatly checked by all these 
insects, and in some places their effect, in connection with climatic 
conditions, has killed it off entirely. The greatest benefit derived 
has been from the destruction of the flowers and seeds, so that land 
once cleared of lantana does not again become invaded by it; whereas 
formerly on the cattle ranges a great deal of expense was involved 
in continuously rooting out lantana, for it was always being reseeded 
by birds dropping the seeds broadcast. Now, very few seeds are 
formed, as many of the flowers are destroyed by the larve of the two 
butterflies and the two moths above mentioned, and what seeds do 
start to grow are mostly eaten by the larve of the Agromyzid fly. 

There has been considerable fear on the part of some that the intro- 
duced lantana insects would become pests on other plants, especially 


- when the lantana became scarce or killed out, but such has not been 


the case. None of these insects have ever become injurious to any 
cultivated fruit or plant, and it is indeed doubtful if any such plant 
has been in the least attacked by them. It is of interest to note in 
this connection that at the time the Mediterranean fruit-fly first be- 
came known in Honolulu, an opinion expressed by many of those igno- 
rant of the ways of insects, was that the ‘“‘lantana fly’’ had changed its 
habits and turned into the fruit-fly, thus becoming a bad pest. Some 
were so thoroughly imbued with this idea that it was un poset to 
convince them of their error. 
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SuGAR CANE LEAF-HOPPER PARASITES 


The most noted case of introduction of beneficial insects in Hawaii 
occurred in 1904—05, when Messrs. Koebele and Perkins introduced 
from Australia and Fiji the egg-parasites for the sugar cane leaf-hop- 
per, Perkinsiella saccharicida. 'These were three Mymarids (Parana- 
grus optabilis, P. perforator and Anagrus frequens) and a Chalcid 
(Ootetrastichus beatus). Attempts were made to introduce others of the 
many parasites that were found preying on leaf-hoppers in Australia 
and Fiji, but these egg-parasites and a Dryinid were the only ones 
that were successful. 

They soon became established and were spread throughout all the 
sugar plantations, and within two years had made such a reduction 
in the number of leaf-hoppers in the cane, that there was already an 
appreciable amount of benefit derived, and after two more years there 
was comparatively little complaint of injury or loss by the leaf-hop- 
pers. Sugar cane was again grown without the severe setback which 
young cane was always subject to when the leaf-hoppers were at their 
worst, and which often resulted in ruining whole fields; in one instance 
almost all the fields of a large plantation of 9,000 acres. 

The year preceding the establishment of the parasites, the esti- 
mated loss from the leaf-hopper amounted to $3,000,000 for all the 
plantations of the islands, and the sugar industry was threatened with 
ruin. After the establishment of the parasites, this annual loss was 
diminished yearly, until in a very few years the loss by leaf-hoppers 
was considered negligible. Yet even now, after ten years, there are 
occasional severe local outbreaks of the leaf-hopper, when whole fields 
or spots in certain fields suffer considerably from their attack; but 
this is usually only temporary, and there are no general outbreaks. 

Of the different parasites, one of the egg-parasites (Paranagrus 
optabilis) has been the most useful one. The others are not always 
to be found everywhere, but this one is always found anywhere and 
everywhere that there are any leaf-hopper eggs for it to breed in. It 
is usual to find 50 per cent or more of the eggs parasitized by it. When 
the shortness of its life-cycle is considered, it being three weeks as 
compared with six weeks or more for the leaf-hopper, it is seen what 
advantage it has in checking the latter. It has been the main factor 
in this natural control of the leaf-hopper, though the other intro- 
duced parasites and some local parasites and predators have been very 
useful and played an important part. 
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CANE BorRER TACHINID 


Another remarkably successful parasite introduction was a tachinid 
(Ceromasia sphenophori) parasitic on the sugar cane weevil borer 
(Rhabdocnemis obscura). This was brought from New Guinea by Mr. 
F. Muir in 1910. An account of his search for parasites for the cane 
borer, the finding of this tachinid and its introduction to Hawaii are 
given in the JOURNAL OF Economic EntTomo.toey, Vol. VII, page 455, 
1914. Within two years the tachinids had been distributed to nearly 
all plantations and well established in many of them. Nearly five 
years have now elapsed and the beneficial results are very apparent. 
Already, in 1913, the tachinids had become sufficiently abundant to 
cause a considerable reduction in the number of borers in the cane, and 
a consequent diminution of damaged cane resulting in an increased 
yield of sound cane per acre. ‘This was especially noticeable in those 
plantations where the pest had been the worst, and where on this ac- 
count efforts to establish the tachinids had been concentrated at the 
outset. On one of these plantations where the manager was keeping 
definite records, and the usual infestation by borers was 30 per cent 
of the canes, it had dropped to an infestation of only 12.77 per cent. 
This has resulted in a greater yield of good cane per acre, and at the 
same time the quality of the juice in the cane has been so much im- 
proved that more sugar is produced per ton of cane. To use figures 
from the plantation reports: it now requires 1.67 tons less of cane to 
produce one ton of sugar than it did formerly. 

Another plantation, that has been similarly benefited, reports that 
its yields have been increased by a little over two tons of sugar per 
acre. If the price of sugar be taken at an average of $75 per ton, this 
would mean a saving of $150 per acre, and the plantation harvesting 
1,000 acres annually would have a saving of $150,000. 

Not all plantations have been benefited to the extent of these used 
as illustrations, for not many were so severely infested by borers as 
these were, but many have been very considerably benefited. The 
total saving to the sugar industry of the Islands would amount to many 
thousands of dollars annually. It is significant that the crop of sugar 
in 1914 was 21,780 tons greater than any previous crop in the history 
of the sugar industry in the Hawaiian Islands. 

Present conditions indicate that the tachinids have reached their 
maximum efficiency, for they are now less abundant in the fields than 
they were shortly after the time when they became generally spread. 
This is by reason of the reduction in the number of borers. Where 
the borers were formerly most numerous, it gave the tachinids oppor- 
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tunity to increase until for a time they were very abundant, but later 
became scarce, corresponding to the scarcity of the borers brought 
about by them. In many places it is now difficult to find injury by 
borers where formerly much cane was injured, and similarly the tachi- 
nids are difficult to find in these places. 


FRUIT-FLY PARASITES 


Several species of fruit-fly parasites were brought from Africa and 
Australia by Dr. F. Silvestri in 1918. Some of these were reared suc- 
cessfully in large numbers and widely distributed. The following 
year two species (Opius humilis from Africa and Diachasma tryoni 
from Australia) were found to be established and quite widely spread. 
In 1914, Mr. D. T. Fullaway brought several more species of fruit-fly 
parasites from Africa, which have likewise been reared in large num- 
bers for distribution. It has not yet been long enough to expect exten- 
sive results from these introductions, but there is hope that when sev- 
eral of them are well established and generally spread much good will 
result. 

In this short paper only the more important of the introduced bene- 
ficial insects have been mentioned. There have been many others of 
less importance, either by reason of their attacking less important 
insect pests, or that they failed to increase in sufficient numbers to be 


of significant value. There have been many tried which for climatic 


or other reasons entirely failed to become established. Many attempts 
have been made to find and introduce useful natural enemies for the 
horn-fly on cattle, but none of them so far introduced have brought 
about any noticeable general reduction of the pest. 

The entomologists of Hawaii, encouraged by those which have been 
successful, are continuing in this method of combating insect pests, 
and from one or the other of the institutions there, projects for the 
introduction of more beneficial insects are continually being carried on. 


Mr. E. D. Batu: What is the native home of the sugar cane leaf- 
hopper? 

Mr. O. H. Swezey: It was supposed to be in Australia. Para- 
sites were secured from there, also from Borneo, New Guinea and 
Fiji. We are not certain of the native home of the leaf-hopper. It 
is not a pest in the countries mentioned. 

Dr. L. O. Howarp: Hawaii has done more than all other countries 
put together in the matter of introducing parasites successfully. The 
introduction of insects to feed upon weeds or other plants is a dan- 
gerous experiment and it is very fortunate that it turned out so well 
in this case. 
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VicE-PRESIDENT CooLEy: The next paper will be presented by 
Mr. Leroy Childs. 


SPRAYING NOTES ON THE CONTROL OF THE FRUIT TREE 
LEAF-ROLLER IN THE HOOD RIVER VALLEY 


By Leroy Cuiups, Research Assistant, Department of Entomology, Oregon Agricul- 
tural College, Corvallis, Oregon 


In the face of the already valuable information that is available on 
the life-history and the control of the leaf-roller, this paper and the work 
that it represents might appear to some as superfluous. In citing 
the literature, however, I find little or no published experimental 
work dealing with the control of this serious and numerically increas- 
ing apple pest on the Pacific Coast. A still more important point 
which made experimentation, at least with the oils, imperative was 
to determine if possible what influence spring applications of oils 
have on the adhesive properties of fall applications of Bordeaux 
mixture. In the Northwest we have a very serious apple disease 
known as apple tree anthracnose, for control of which Bordeaux 
is applied before the early rains in the fall. It has been suggested, and 
seems, indeed, quite possible, that there may exist some such condi- 
tion, information relative to which is desired before the general use 
of oil can be recommended. The anthracnose spray has not been 
applied with the result that a report on this point is impossible at this 
time. The leaf-roller, however, has passed through its period of activ- 
ity for this season and the data gathered relative to its control is 
complete. 

In the Hood River Valley the presence of the apple leaf-roller is 
not general. The limits of the present infestation are well defined, 
comprising at the present time some five hundred or six hundred 
acres. A yearly expansion of these limits occurs and the losses are 
increasing, with the result that the orchardists are planning a vigorous 
campaign against the pest next year. 

At no time in Hood River has the infestation occurred to such an ex- 
tent as to cause noticeable defoliation; occasionally the tender foliage of 
growing terminals is severely injured but in no place has there occurred 
the complete defoliation that has been reported in different sections of 
the East. The injury to the fruit, however, in several orchards where 
extensive countings were made produced surprising information. The 
losses incurred by the feeding worms often approached 40 per cent of 
the entire crop. It was found that the injury was even more severe on 
trees in light bearing, where the percentage of injury amounted to 
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more than 50 per cent. This loss, together with the other losses that 
must be considered in the form of scab, codling moth, bruises, etc., 
make it imperative that some means be employed in reducing this 
waste. 

In order to determine the most advantageous method that could be 
employed under Hood River conditions, a series of experiments em- 
bracing lead arsenate in various strengths, crude oil emulsion, kero- 
sene emulsion, distillate emulsion and a miscible oil were used during 
the past spring. 

Owing to the fact that it is necessary to make four or five spring 
and early summer applications of a fungicide for apple scab control 
in Hood River, lead arsenate, if efficient, seemed to offer the least 
expensive plan (at least from the standpoint of labor) in bringing 
about leaf-roller control, for this material is usable in combination. 
Six different plans of procedure were outlined. Lime-sulfur was the 
fungicide employed throughout the season. Spraying in the spring 
began in what is termed at Hood River the delayed dormant spray, 
or an application applied at a time when the more advanced foliage 
has reached the size of squirrels ears. At this season it was very 
difficult to find any hatched leaf-roller eggs. | 

The orchard in which the experiments were conducted is planted to 
Spitzenburg apples which are now about twelve years old. Two 
rows across the orchard were used in each experiment. Between 
each was left one as a check. In referring to the table it will be seen 
that countings from each of these rows serve as a check on two experi- 
ments. The degree of infestation, based on the presence of egg masses, 
indicated that it was at least typical of the conditions as existing in the 
valley. A power sprayer fitted out with a ““New Way” engine and 
two leads of hose was employed throughout the season in applying 
the materials. Frembo nozzels with a medium sized hole in the disc 
were used. 

Two essentials were considered in the scheme of the arsenate exper- 
iments: first, to determine, if possible, the least amount of poison 
that must be used in bringing about control, and second, to determine 
if possible the insect’s most susceptible period to poison. 

With these thoughts in mind, six experiments were outlined. Refer- 
ring to the table it will be seen that in all six experiments, lead arsenate 
was used in the delayed dormant application, that the poison might 
be present as the worms hatched. In the delayed dormant spray 
lime-sulfur was used at the rate of 1 to 18 throughout. To this fungi- 
cide was added in experiment 1 and 38, arsenate of lead (paste in all 
cases) at the rate of 2 pounds to each 50 gallons; in experiment 2 and 
4, 4 pounds to each 50 gallons and in experiments 5 and 6, 6 pounds 
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to each 50 gallons of water. A large number of egg masses were exam- 
ined at this time; none of the eggs were found to be hatching, the em- 
bryonic development was far advanced. The date of this application 
was April 3. | 

A second or ‘‘pink application”’ (7.e., at the time the flower clusters 
were beginning to show pink) was made on April 14. The fungicide 
employed was as in the first, lime-sulfur, used, however, in a more 

dilute ratio, 1 to 27. The arsenate of lead was omitted in experiments 
3,4 and 6. The poison applied at this time in experiments 1, 2 and 
5 was in the same strengths as used in the delayed dormant spray 2, 
4 and 6 pounds respectively. ‘To determine the condition of the eggs, 
a large series of egg masses were examined and it was found that 
hatching was actively taking place, 58 per cent of the worms having 
emerged. On the 20th of April, or four days later, no unhatched eggs 
could be found. At this time a large portion of the foliage was still 
well covered with the poison. From these observations it is clear 
that material placed upon the trees during the time that the blossom 
buds are showing pink is most advantageous with reference to the 
emergence of the worms. 

Unfortunately, a series was not run in which a “pink” spray only 
was used; a series of this sort would undoubtedly show more clearly 
the relative values of this application than can be shown with the data 
at hand. 7 

At the time of the calyx application, May 1, a large majority of 
the worms were found beneath the folded, web-covered leaves and 
so located that their food was protected for the most part from mate- 
rials that could be applied in the form of spray. In view of this fact, 
a codling moth spray of 3 pounds to 50 gallons only was added to the 
lime-sulfur 1 to 36 in all of the experiments For fear of codling 
moth infestation, the check rows were sprayed at this time, also. The 

_ data gathered from the counts made on the check rows, consequently, 
_ hardly give accurate information relative to the losses that might 
' occur should all spraying be omitted. In looking over the experi- 
_ ments after the calyx spray, many ailing worms were found and others 
_ that were dead, all of which seems to indicate that, where available, 
this strength is sufficient to destroy the worms. 

| The fourth spray of the season or the second codling moth spray 
| was applied May 29. This consisted of arsenate of lead, 3 pounds to 
_ 50 gallons of water, plus the lime-sulfur 1 to 30. Fruit only received 
| attention at this time, all of which were thoroughly covered. In early 
| June a great deal of fruit injury was noted taking place and in many 
cases the small apples were found largely consumed. The worms in 
folding and rolling the leaves often incorporate many of these little 
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apples, and those so surrounded with foliage are invariably ruined. 
This feeding on the fruit, though often not very extensive, devitali- 
zes the apples to such an extent that they stop growing and drop. On 
account of this existing condition, it was thought best to check up 
the experiments as soon as the feeding period of the insects was 
over rather than waiting until harvest time. In so doing, thinning 
of the fruit was permitted on the plats where it was found to be nec- 
essary. 

A thousand fruits or thereabouts were counted in the various experi- 
mental plats and checks. These were made from representative 
trees chosen at random in the plats. In comparing the results that 
were obtained, it is clearly indicated that none can be pronounced 
as efficient in controlling the leaf-roller, though some benefit may be 
derived from as weak application as 2 pounds to 50 gallons. In experi- 
ment 1, where 2 pounds to 50 gallons were employed in the delayed 
dormant and in the pink sprays, a benefit of 9 per cent was obtained 
when compared with the check. Contrasting this experiment with 
3 in which the lead was omitted in the pink spray, the results clearly 
show the time at which the poison is an active agent in destroying 
the worms. In this experiment there is only a 3 per cent difference 
between sprayed and unsprayed fruit. The inefficiency of the delayed 
dormant spray is more clearly shown in experiment 4; here 4 pounds 
of the lead arsenate were used to 50 gallons. The fruit count shows 
a 27 per cent loss on account of roller injury or five tenths of one 
per cent less than the check. This is 2.5 per cent more injury than 
was obtained where the weaker arsenical was used. This discrepancy 
falls within that allowed for experimental error. 

The extra two pounds of lead to 50 gallons of water in experiment 2 
decreased the fruit loss by 3.8 per cent, giving a total fruit injury in 
this experiment of 15 per cent or a reduction of a little less than 
half of the losses that occurred on the unsprayed trees. 

In experiment 5, where lead arsenate at the rate of 6 pounds to 50 
gallons was used in the two early sprays, more encouraging results 
were obtained. Even with this heavy dosage, however, 11 per cent 
of the fruit was found to be damaged. On trees heavily loaded with 
fruit, a loss of this percentage would not be very severe as a large part 
of this could be overcome by judicious thinning. In years of a light 
crop, however, a condition which exists this year, and where all of the 
fruit should be retained, more efficient remedial measures than arsen- 
ical poisoning should be employed. Unfortunately, experiment 6 
was conducted on Johnathans, a variety which is not subject to 
severe attack, in Hood River at least, by the roller, so that compara- 
tive data as noted in the other experiments were not obtained. 
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In times past, oils have been used by local growers in an attempt to 
control the leaf-roller, with rather indifferent success. Owing to exist- 
ing conditions it was thought best to test out a series of materials. 
Four oils were used in eight experiments as follows: kerosene emulsion, 
18 per cent, distillate emulsion, 18 per cent, crude oil (Balfour Guthrie 
Co.) in the ratio of 1 to 12 and 1 to 15 and miscible oil No. 1, manu- 
factured by the above company, in four strengths, 5, 6, 7, and 8 gallons 
to the 100 gallons of water. 

Some of the pioneer workers in leaf-roller control have at various 
times recommended kerosene as an effective means of destroying 
the eggs of the leaf-roller and the 18 per cent emulsion of this material 
was placed on the trees with confidence that many eggs would be 
destroyed. The trees were thoroughly covered, in fact drenched, 
5 to 6 gallons of the material being applied to each tree. When a 
count of the eggs on the experiment and check was made, it was found 
that a larger portion of the eggs on the sprayed trees, or 96.4 per cent, 
hatched as compared with 95 per cent hatched on the control trees. 
A duplication of this experience was encountered with the distillate; 
here again no ovicidal properties were found to exist when applying 
an 18 per cent emulsion. The trees were examined the day after 
the material had been applied and it was found that nearly all of the 
evidences of the oil had disappeared. When used within the bounds 
of economy, both of these materials are lacking in sufficient penetra- 
tion qualities to be considered a means of destroying leaf-roller eggs. 

The results that were obtained with the crude oil proved disap- 
pointing, also, from a point of control. The material was used in two 
strengths, at the rate of 1 gallon of oil to 12 gallons of water and 1 
gallon of the oil to 15 gallons of water. These emulsions were applied 
May 27. ‘The variety of trees in the experimental plats were twelve- 
year-old Spitzenburgs on which many egg masses could be found. 
On the day that the spray was applied the more advanced buds were 
noted already burst and some of the first leaves were out. Upon 
examining the plats a few days later many of the early leaves were 
found to be injured. They, for the most part, were not burned but 
seemed to be stunted and had an oily appearance for several weeks, 
a condition which was not observed in the other experiments. This 
greasy condition existed on much of the foliage for several weeks, 
retarding and causing a malformation of the leaf growth on many of 
the trees. While the crude oil was being applied, a very strong wind 
was blowing making thorough work very difficult. This may have 
affected the results to a slight degree for a few egg masses here and 
there were found to have been slighted. In experiment 9, or where 
the 1 to 12 formula was used, 43 per cent of the eggs failed to hatch. 


462 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


In the check, 4 per cent only failed to produce worms. In the counts 
that were made of fruit injury, this 43 per cent killing of unhatched 
worms made a reduction of only 6 per cent in total fruit losses» On 
the sprayed plat, 24 per cent of the fruit were damaged while 30 per 
cent were injured on the control rows. | 

Nineteen per cent, only, were killed in experiment 10 where the 
crude oil was used in a dilution of 1 to 15. Here, 26 per cent of the fruit 
were found to have been injured by the worms as compared with 30 
per cent in the check. To have obtained good results, a strength of 
at least 1 to 8 should have been applied. It is clear that an application 
in this strength should be made only when the trees are entirely dor- 
mant. | 

The results that were obtained from the miscible oil experiments 
were highly satisfactory in every way. In fact, the figures show such 
complete efficiency that those skeptically inclined might look upon 
them with suspicion. As has been stated before, the miscible oil 
was applied in four strengths, 5, 6, 7, and 8 gallons to the 100 gallons 
of water. Owing to the fact that a delay occurred in the receipt of the 
material, followed by rainy weather, the emulsions were not applied 
until April 3, at which time the trees—of the Newtown variety— 
were beginning to send out foliage. This foliage development was 
sufficient to give the orchard a faint green coloration. In afew cases . 
the leaves about the fruit spurs had unfolded to such an extent as to 
expose the tips of the fruit buds. The trees were thoroughly sprayed, 
in fact drenched, five to six gallons being applied to each. 

On the day following the spraying, the experiments were carefully 
gone over; little or no foliage injury was observed. Two days later, 
however, a large amount of foilage burn was found to have resulted. 
In experiment 11, where 5 to 100 was used, the injury was of little 
consequence. In the other experiments, the foliage burn was found 
to increase in direct proportion with the greater strengths of oil used, 
reaching a rather alarming condition in experiment 14 where 8 to 100 
had been applied. In this plat practically all of the foliage that was 
exposed dried up and dropped off within a week or two. At first it 
was thought that many of the fruit spurs were killed; the leaves all 
dropped away but most of the buds continued to grow and the result- 
ing bloom was almost normal though many of the flowers seemed a 
little smaller than those on the control trees. These were closely 
watched and soon after the petals fell many of these smaller ones 
dropped. Upon examining these weaker flowers, the bases of the 
stems were found to invariably possess a brown discoloration—in 
some cases they even seemed burned in much the same manner as 
that found on the leaves. No other injury to the flower buds was 
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TaBLe I. Arsenate or Leap 


Results 
No. of Date of Materials Used Trees | Spray P 
Exp.| Applications Sprayed |per Tree] Fruit Counted | Sound | Injured | 7. 
Injured 
1% 1. April 3 Lime-sulfur 1-18 Exp. 1 
Arsenate of lead 2-50 48 3% gal. 
2. April 14 Lime-sulfur 1-27 
Arsenate of lead 2-50 | 48 | 32 gal. 1,022 | £28 194 18.8 
3. May 1 Lime-sulfur 1-36 
Arsenate lead 3-50 40 4 gal. | Cueck 1,048 | 743 305 29. 
4. May 29 Lime-sulfur 1-30 
Arsenate of lead 3-50 
Fruit sprayed only 
2. 1, April 3 Lime-sulfur 1-18 Exp. 2 
Arsenate of lead 4-50 50 3% gal. 
2. April 14 Lime-sulfur 1-27 
Arsenate of lead 4-50 50 4 gal. 
3. May 1 Lime-sulfur 1-36 1,062 | 900 162 15: 
Arsenate of lead 3-50 50 4 gal. 
4, May .29 Lime-sulfur 1-38 Cueck 1,048 | 743 305 29. 
: Arsenate of lead 3-50 50 4 gal. 
Fruit sprayed only 
$. 1. April 3 Lime-sulfur 1-18 Exp. 3 


Arsenate of lead 2-50 50 3% gal. 
2. April 15 Lime-sulfur 1-27 
Onzy 50 | 34 gal. 1,060 | 800 2°0 94.5 
3. May 1 Lime-sulfur 1-36 
Arsenate of lead 3-50 | 50 | 34 gal. | Cuuck 1,019 | 800 279 97.5 
4. May 29 Lime-sulfur 1-38 
Arsenate of lead 3-50 50 32 gal. 
Fruit sprayed only 
4. 1. April 3 Lime-sulfur 1-18 Exp. 4 
Arsenate of lead 4-50 50 4 gal. 
2. April 15 Lime-sulfur 1-27 
ONLY 50 4 gal. 1,102 | 800 302 27. 
3. May 3 Lime-sulfur 1-36 
Arsenate of lead 3-50 50 4 gal. | Cuecx 1,019 | 800 279 27.5 
4, May 29 Lime-sulfur 1-38 
Arsenate of lead 3-50 50 4 gal. 
Fruit sprayed only 
Be 1. April 3 Lime-sulfur 1-18 . Exp. 5 
Arsenate of lead 6-50 50 4 gal. 1,177 | 1,017 117 lite 
2. April 14 Lime-sulfur 1-27 é 
Arsenate of lead 6-50 50 4 gal. | Cueck 1,019 | 800 279 Pi) 
3. May 4 Lime-sulfur 1-36 
Arsenate of lead 3-50 50 4 gal. 
4. May 29 Lime-sulfur 1-38 
Arsenate of lead 3-50 50 4 gal. 
For fruit only 
6. 1. April 3 Lime-sulfur 1-18 Exp. 6 
_ | Arsenate of lead 6-50 20 4 gal. 
2. April 14 Lime-sulfur 1-27 


ONLY 20 | 4 gal. This application was made on Johna- 
3. May 4 Lime-sulfur 1-27 thans, a variety which is not nearly as 
Arsenate of lead 3-50 20 4 gal. | susceptible to roller attack with a result 

4, May 29 Lime-sulfur 1-36 that no comparative counts were made. 


Arsenate of lead 3-50 20 4 gal. 
For fruit only 
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observed. Many of the small buds on the larger limbs which in time 
would develop into fruit spurs were killed, with a result that in the 
forming of new buds and the resulting foliage growth, the development 
of the leaves on the plats seemed several weeks behind that of the 
checks. Today, however (July 20) little or no visible difference in 
the amount of foliage and fruit exists between sprayed and check 
trees. In fact (perhaps my imagination) many of the sprayed trees 
appear more vigorous and possess a richer green coloration than is 
found in the checks. Just what effect this burning of the fruit spurs 
will have on next year’s crop is a point of interest that will be watched 
keenly during this fall and next spring. 

By referring to the table, the results that were obtained in the 
miscible oil experiments will be noted. Egg counts were made to 
determine the ovicidal properties of the various strengths, and fruit 
counts were made to determine the percentage of injury caused by 
the surviving worms. It might be added at this point that the infes- 
tation was not as severe in the oil plats as was found to occur in the 
arsenate of lead experiments though both series were carried on in the 
same orchard. The only explanation that can be offered is that the 
Newtown appears to be more resistant to roller attack than the Spitz- 
enburg. Owing to the fact that it was adjudged unsafe to apply the 
oil to the Spitzenburgs on account of the advanced foliage condition, 
Newtowns, whose development is more tardy, were substituted. 
The infestation here was-about two thirds as severe as that existing 
in the arsenate of lead experiments. 

All of the miscible oil applications proved to be decidedly efficient as 
agents in killing the leaf-roller eggs. In checking up the experiments 
it was found that the numbers of hatching eggs taken from the different 
plats varied directly with the strengths of oil used. These same 
variations, though of very narrow margins, were found to exist when 
the fruit counts were made. 

In experiment 11, where 5 gallons to 100 were used, 92.1 per cent 
of the roller eggs failed to hatch. In the check rows (two rows left 
across the orchard on either side of which were two experimental 
plats), 96.8 per cent of the worms emerged. When the countings 
were made to determine the fruit injury it was found that the worms 
that escaped the oil caused a 3.6 per cent injury. On the check rows, 
18 per cent of the apples were damaged by the worms. In increasing 
the oil to 6 gallons to the 100 in experiment 12, the efficiency increased 
from 92.1 per cent to 98.8 per cent. In this experiment, 2.9 per cent 
of the apples were injured by rollers or a very slight decrease from 
that noted in number 11. 
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In experiments 13 and 14 the results that were obtained seem to 
approach the incredulous. The high percentages attained in de- 
stroying the eggs is substantiated by the figures that were obtained 
in counting the fruit for roller injury. In number 13, 99.38 per cent of 
the eggs were killed and in number 14, out of 1,006 eggs examined, 
only four hatched. This give a killing percentage of 99.6 per cent. 
The fruit loss in this last experiment amounted to .8 per cent, eight 
injured apples being found in examining 1,000. 

In summing up the experimental results it is found that efficiency 
is approached in experiment 5 where lead arsenate is used at the rate 
of 6 pounds to the 50 gallons of water and obtained in experiments 
11 to 14 inclusive where miscible oil was used. In comparing the 
costs attached to using these materials, the miscible oil must be con- 
sidered by far the more economical. The lead application costs for 
materials alone in the neighborhood of $1.65 per tank of 200 gallons. 
The miscible oil, as used in experiment 12, will cost about $1.50 per 
tank and, as it cannot be used in combination, the application will 
be extra. The marked increase in efficiency attained with the oil, 
however, more than warrants its use. For complete safety to the 
foliage, the oil applications should be made before the buds burst. 
Apparently no permanent injury occurred in our experimental plats 
this season from the late applications, but the margin of safety is 
extremely small and such a proceedure should not be generally fol- 
lowed. 

The author wishes to thank Mr. F. W. Radford and Mr. Frank 
Davidson for their generous assistance and codperation which has 
made possible the conducting of the large series of experiments during 
the past season. 


VicE-PRESIDENT CooLEey: Mr. F. C. Bishopp will present the 
next paper. 


A PRELIMINARY STATEMENT REGARDING WOOL MAGGOTS 
OF SHEEP IN THE UNITED STATES 


By F.C. BrsHopr and E. W. Laaks, of the Bureau of Entomology ! 


INTRODUCTORY 


The wool maggots, although pests of importance to sheep raisers, 
have received practically no attention from investigators in the United 
States. In Europe, especially in the British Isles, the wool maggot is 
one of the most serious insect pests of sheep. In Scotland, in partic- 


1 Published by permission of the Chief of the Bureau of Entomology. 
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ular, every shepherd is familiar with this type of injury, and the 
watching of the flocks for infested animals and the destruction of the 
maggots are a part of their routine work. The common green-bottle 
fly, Lucilia sericata, is responsible for the trouble in Great Britain, and 
also in parts of continental Europe. Only those animals which have 
the wool considerably soiled with blood, feces or urine are attacked. 
This species of fly is abundant in the United States, and, in fact, is 
almost world-wide in distribution. 

The wool maggot assumes much greater importance in Australia 
than in any other part of the world. This, of course, is due to a con- 
siderable extent to the vastness of the sheep industry in that country. 
Professor W. W. Froggatt! states that during a single year the loss 
due to wool maggots in Australia was conservatively estimated at a 
million pounds. In that country eight species of flies are found to 
blow sheep, namely, Calliphora villosa, C. oceanie, C. rufifaces, C. vari- 
pes, Lucilia sericata, L. cesar, Ophyra nigra, and Sarcophaga aurifrons. 
Professor Froggatt states that until about ten years ago only wounds 
of sheep were blown, but recently the flies appeared to have acquired 
the habit of attacking sheep of all classes upon the slightest provoca- 
tion. In Hawaii another species of Calliphora (C. dux) has been 
reported by Van Dine? as causing serious injury to sheep by blowing 
the soiled wool. ; 


Type oF INJURY AND SPECIES CONCERNED 


In various parts of the United States the infestation of soiled wool 
on sheep is not uncommon, and in certain sections this is a problem of 
no little importance. Through the Central States the infestations 
usually occur in mid-summer and are confined largely to lambs or 
heavy wooled ewes which have the wool about the rumps soiled from 
diarrhea, or from being kept in dirty paddocks. A similar condition 
prevails in the Northwestern States, though infestations are infrequent 
as far as has been learned. The species of the fly or flies concerned 
in this injury has not been positively determined, although it is be- 
lieved that the green-bottle flies, Lucilia sericata and L. cesar, are 
responsible, at least in part. 7 

In southwestern Texas, where the sheep industry is one of large 
extent, a somewhat different condition prevails. The most acute 
trouble occurs early in the spring, usually during April. The injury 
is of two types. First, the infestation of the wool about the rumps 


1 Froggatt, W. W., 1914. Sheep maggot flies in Australia. Bulletin of Entomo- 
logical Research, Vol. 5, Pt. 1, pp. 37-39, April. 

2Van Dine, D. L. and Norgaard, A. A, 1908. Abstract of a preliminary report on 
insects affecting live stock in Hawaii. Proc. Hawaiian Live Stock Breeders Assoc., 
pp. 19-70. 
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of ewes following lambing, and, second, the blowing of the wool about 
the base of the horns of rams. Owing to the fact that the sheep in 
this region receive no shelter during the winter and for the most part 
are dependent upon the range for food, lambing usually takes place 
during March and April. If lambing is undertaken earlier than this, 
the adverse weather conditions often cause considerable losses, and if 
extended beyond the first of May the screw-worm fly, Chrysomyia 
macellaria, is responsible for enormous losses among the ewes and 
newly dropped lambs. Showers which fall early in April are often 
followed by periods of warm, muggy weather and this condition is 
most favorable for fly attack. Practically all of the rams in western 
Texas have horns and their infestation is stimulated by slight wounds 
or bruises about the head which are often produced by fighting. In 
some cases dehorning is practiced, and, if the horns are not completely’ 
healed before the warm weather begins, infestation almost invariably 
follows. 

The infestation of ewes is largely confined to the rump. Although 
the flocks are divided up considerably and each group is under the 
care of a herder, often the infestation proceeds for some time before it 
is noticed. At first the maggots confine their attack to the matted 
hair, usually working close to the skin. The inflammation produced 
soon results in the complete denudation of the portions attacked and 
the production of highly inflamed and practically raw areas. The 
maggots continue to spread into the adjacent wool from these centers 
and in many cases, if not destroyed, also penetrate the skin and soon 
cause the death of the sheep. In order to remove the infestation it 
is sometimes necessary to shear large areas in addition to the loss of 
wool caused by the larve themselves. 

In the case of infested rams, the larve work for some little time 
immediately around the base of the horns. The condition produced 
extends the favorable breeding places, and in many cases the larve 
enter the ears and there produce additional complications. Infested 
sheep rapidly fall off in condition and soon refuse to eat. This reduces 
the milk supply of the ewes which sometimes results in the death of 
the lambs. It is stated by men who make a business of rearing rams 
that some years as high as one third of the rams in the state of Texas 
are lost on account of maggot and screw-worm infestations. The 
conditions produced by the wool maggots when infestations take place 
late in the spring frequently induce the attack of screw-worms. 

Investigations conducted by the writers, during the spring of 1915, 
showed that the common black blow-fly, Phormia regina, was respon- 
sible for infestations in both of the above-mentioned places of attack. 
So far as the writers are aware, this is the first record of this species 
attacking soiled wool of sheep. 
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Some wool maggot infestations take place in western Texas during 
mid-summer and early fall, especially after the wool begins to get 
fairly long following the spring shearing. It is thought that Lucilia 
sericata is probably mostly concerned in these attacks although speci- 
mens have not been reared. Phormia is entirely absent or very 
scarce during mid-summer in Texas as will be discussed later, hence it 
could not be the culprit in this instance. 


SEASONAL History oF Phormia regina 


This species is widely distributed in the United States. It shows 
considerable differences in seasonal history in different sections of 
the country. In the Southern States the fly is active throughout 
the winter, although it may disappear for a few days during cold 
periods. It usually reaches its greatest abundance in the early spring, 
diminishing as hot weather comes on. During hot, dry seasons, in 
particular, the adults are not to be found in nature during June, 
July and August, although at Dallas, Texas, we have succeeded in 
keeping them breeding in cages throughout the summer. In the 
northern part of the country the fly is, of course, absent during the 
coldest weather, but is to be found in large numbers during the spring 
and fall, and in the extreme north is abundant throughout the summer. 
At Dallas, Texas, we have kept the species breeding throughout the 
winter, and it is not uncommon to find carcasses in nature which are 
literally swarming with maggots of this species during mid-winter. 
During the coolest weather the development is materially retarded, 
especially in the pupal stage. It is therefore most probable that in 
northern latitudes the insect passes the winter in the soil either in the 
pupal or pre-pupal condition. 

Some rather interesting observations on the wintering of P. regina 
as compared with Lucilia sericata and other flies, including the screw- 
worm fly, Chrysomyia macellaria, were made on material collected on 
carcasses or butchers’ offal in the autumn of 1914. One large lot of 
larve collected on offal on October 28, 1914, was fed on meat placed 
on sand at the laboratory in Dallas. Many were migrating during 
the nights of October 29 and 30 and many had pupated November 2. 
P. regina and C. macellaria began emerging November 14. Emergence 
in large numbers continued till the end of the month when adults of 
C. macellaria became few, P. regina continued to appear in good num- 
ber till December 9, when emergence ceased entirely. On this date 
adults of Lucilia sericata began to appear, but all emergence stopped 
during the cold weather, until February 8, when ZL. sericata again 
began emerging and continued to appear more or less regularly up 
to April 15. The maximum emergence of L. sericata occurred about 
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the middle of March. Five specimens of Sarcophaga sp. emerged, 
these appeared on March 30, April 2, 10, 18 and 15. 

Other large supplies of larvee and pupz collected in the fall showed 
very similar results as regards emergence; the adults of P. regina 
emerge when the temperatures are moderate in fall and spring but the 
Lucilias do not appear till later in the spring. 

The seasonal occurrence of infestations of P. regina in Texas appears 
to range from the beginning of lambing, which is about December 1, to 
shearing time. Shearing is begun in April and extends to June, 
the ewes being the last to be shorn. The cessation of injury in early 
summer is due to the dimunition of the number of Phormia and more 
especially to the abolition of favorable places for attack by the removal 
of the wool. 


LirE-History AND Hapsits or Phormia regina 


So far as we have observed, Phormia regina breeds exclusively in 
animal matter or in substances in which animal matter is intermixed. 
The species is found very generally distributed where it normally 
occurs. Specimens have been observed far from any habitation, and 
it is also very commonly met with in the center of large cities. While 
the flies visit freshly killed animals and fresh blood, they show a special 
predilection for meat which is in a decaying condition and consequently 
having a strong odor. It is probably the odor of the soiled wool, 
especially when some blood is present, which attracts the flies to the 
living sheep. This species has been observed to breed in large num- 
bers in the paunch contents of cattle which has been more or less 
saturated with blood during slaughtering. They do not deposit eggs 
in this material if no blood is present. 

Under range conditions it has been found that carcasses of large 
domestic animals are responsible for the vast majority of flies present. 
During the fall, winter and early spring probably nine-tenths of the 
flies which breed in carcasses are of this species. Small wild animals 
and birds also supply favorable breeding places. 

The adults feed freely on various substances but are especially 
attracted to juices from animal matter. They are rarely observed 
on fecal matter if no blood or animal tissue is present. Human feces 
and excrement of hogs are much more frequently visited than droppings 
of herbiverous animals. | 

In cages ranging up to 10 x 10 x 6 feet, flies were found to require 
from six to eighteen days after emergence before oviposition began. 
The adults show a marked tendency to deposit their eggs in large 
masses. This tendency is more noticeable than in other meat-infest- 
ing species. Hatching takes place in less than twenty-four hours up 


oor 
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to about four days. Eggs deposited on living animals probably hatch 
in eight or fourteen hours. The larve complete their growth in from 
four to seventy-six days, and shortly before pupation show a marked 
tendency to migrate from the material upon which they have been 
feeding. They usually enter the ground, sometimes to a depth of 
three or four inches, but some pupz may be found under loose objects 
lying on the surface of the soil. The pupal stage ranges from three 
days to over a month. The larve and pupal periods are shortened 
somewhat as the mean daily temperature increases but excessively 
hot weather is detrimental to breeding, apparently, however, affecting 
the adults even more than the immature stages. 

The total developmental period ranges from nine to at least seventy- 
six days.! Dr. E. P. Felt,? working at Nassau, N. Y., records: the 
duration of stages in this species as follows: Egg stage, 8 to 24 hours; 
Ist larval stage, about 3 days; 2d larval stage, 2 to 3 days; 3d larval 
stage, active feeding period, 3 days; period from entrance into soil to 
first adult emergence, 14 days. Thus about twenty-three days were 
required for the cycle from egg to adult. The accompanying table 
includes some of our data on developmental periods. 


TaBLe I. D&VELOPMENTAL Periops oF Phormia regina av Datuas, TEXAS 


Dates of Pupation Dates adults emerged Total 
Date Incu- 
een Date ee Larval Pupal Develop- 
Bevaaited Hatched Period Period Period mental 
First Last First Last Period 
1914 Days Days | Days Days 
Apr. 11, Apr. 15, i Apr. 24 | Apr. 29 9 to 14 May 2 | May 5 8toll] 21 to 24 
3 p.m. 10 a.m. 
Apr. 14 Apr. 15, {lor2]| Apr. 25 9 or 10 May 4 May 5 9to010} 20 to 21 
p.m. or 
Apr.16,a.m. 
May 24-25} May 26 |1to2! May 31 | June 3 5 to 8 June 6 June 8 6 to8 12 to 15 
May 18 May 19 1 May 27 | May 29 8 to 10 June 3 June 5 7 to09 16 to 18 
May 27 May 28 1 June 1 June 3 4to6 June 8 June 10 7t09 12 to 14 
June 19 June 20 1 July 24 4 July 28 4 9 
June 8 June 9 1 June 13 | June 16 4to7 June 19 | June 20 6 to7 11 to 12 
Sept. 19 Sept. 20 1— | Sept.28 | Sept. 29 8 to9 Oct. 5 Oct. 8 7 to08 16 to 19 
1915 
Oct. 22 Oct. 23 1+ | Nov. 11 | Nov. 20 19 to 28 Dec. 4 Jan. 6 231056) 438 to 76 
1915 1915 1915 
Dec. 191 Feb. 12 | Mar. 5 55+ to 76+ | Mar 5 21 to 45 | 76+ to 90+ 
1915 1915 to 29 


May 18 May 19 1+ | May 25 | May 27 6 to8 May 31 | June 1 6 to7 13 to 14 


1 Larve from one-half to full grown collected on date. 


1 The developmental periods of P. regina, Lucilia sericata and L. cesar as compared 
with several other meat-breeding flies are summarized by one of the authors (Bishopp) 
in the JouRNAL oF Economic Enromo.oey, VIII, pp. 325-329, 1915. 

2 Felt, E. P., 1913. Bull. 165, N. Y. State Museum, pp. 75-79, pls. 3-6. 
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When caged without food the longevity of the adults is rather short, 
ranging from two to eight days. Supplied with suitable food and 
meat upon which to deposit they have been observed to live as long 
as ninety-three days in winter and thirty-one days in April and May. 
The longevity decreases as hot weather approaches. _ 


SEASONAL History oF Lucilia sericata 


This species is to be seen through the year in the Southern States 
except in the coldest periods in winter. It is not so plentiful, however, 
in late fall, early spring and in warm periods in mid winter as is P. 
regina. Reproduction does not often take place in winter even in the 
extreme South. The adults are present throughout the summer 
though then often diminish in numbers during excessively hot dry 
periods. In Texas the winter is passed in the larval and pupal stages 
in the soil or beneath carcasses. It is almost certain that in the North, 
also, the same condition prevails. Attempts to get the adults to pass 
the winter in cages have been unsuccessful. Some information re- 
garding wintering is given under the discussion of the seasonal history 
of P. regina. 


LirE-History AND Hapsits oF Lucilia sericata 


This species has a wide distribution in North America. It is more 
closely associated with human habitations than P. regina or C. 
macellaria, being very common in back yards and in alleys even in 
large cities. It is seldom seen on the range and in pastures far from: 
houses. Garbage, including all sorts of kitchen refuse, is attractive, 
and damaged fruit is a favorite food for the adults. The flies are not 
infrequently seen in dwellings and often collect in great numbers under 
ornamental vines and beneath the leaves of vegetables, especially 
cucumbers and melons. They visit flowers to some extent and are 
strongly attracted to honey-dew on plants. 

We have not succeeded in securing depositions or rearing larve on 
other substances than animal matter. Eggs are freely deposited on 
raw or cooked meats in various stages of decay and on carcasses of all 
kinds. As has been stated, this is the species responsible for maggoty 
wool in Great Britain and doubtless is the principal cause of cases of 
blown sheep which occur in mid-summer in this country. Mr. H. F. 
Hudson! has recently reported an instance in Ontario in which a calf 
suffering from white scours became infested around the vent by this 
green-bottle fly. Two cases have been observed by the senior author 
in which tame rabbits, having injuries on their backs from fighting, 
became infested and were ultimately killed by maggots of this species. 


1 Hudson, H. F., 1914. Canadian Entomologist 46, p. 416, December. 
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The longevity of the adults when kept without food is very short, 
from one to three days. When supplied with suitable food, we have 
observed a longevity of ten to forty days. The period from emergence 
of the adults to the beginning of egg-laying ranges from four to twenty- 
one days. Incubation varies much with the temperature, usually 
slightly less than twenty-four hours are required, but somewhat shorter 
periods have been observed, and the maximum incubation period which 
we have noted is seven days. The developmental periods are shown 
in the accompanying table. 


TaBLE IJ]. DrvELOPMENTAL Periops oF Lucilia sericata at Dauuas, Texas 


: Dates of Pupation Praesens Total 
Date Incu- Emerged 
Tigo Date bation 3 Larval Pupal Develop- 
Deposited Hatched Period Period Period mental 
| First Last First Last Period 
| 
1913 1913 Days 1913 1913 Days 1913 Days Days 
July 28 | July 29 1— | Aug. 3 5 Aug. 8 5 11 
Aug. 16 | Aug. 17} 1— | Aug. 26 9 Aug. 31 5 15 
1914 1914 1914 1914 1914 1914 
Sept. 4 Sept. 5 1— | Sept.9 | Sept. 10 4tod Sept. 14 | Sept. 17 5to8 10 to 14 
1915 1915 
Octa 21) | Oct. 22 1 Nov.5 | Mar 15 14 to 144 Dec. 21 | Apr. 18 46 to 164 61 to 179 
1915 
Oct. 22 | Oct. 23 1+ | Nov. 11 | Apr. 5 19 to 164 Apr. 10 | Apr. 22 | 150 to 162 170 to 182 
1914 
Oct. 24 | Oct 25 1+ | Nov. 11 | Apr. 5 17 to 162 Dec. 5 | Apr. 22 24 to 162 42 to 180 
Before After 1915 
Oct. 29 | Oct. 30} 1+ | Feb. 11 | Mar 5 |104—+t0126+ | Apr. 6 | Apr. 19 | 54+ to 67 159 to 172 
After 
Nov. 1 Nov. 2 1+ | Nov. 17?| Mar.5 15 to 123 Mar. 17 | Apr. 15 | 121? to 149? | 137 to 166 
1915 1915 1915 
Apr. 24 -| Apr. 25 1+ | Apr. 30 | May 3 5 to8 May 10 | May 20 10 to 20 16 to 26 
Apr. 25 | Apr. 26 1+ | May 1 | May 6 5 to 10 May 14 | May 17 13 to 16 19 to 22 
Apr. 26 Apr. 27 1+ | May 2 | May 14 5 to 17 May 13 | May 20 11 to 18 17 to 24 
Apr. 27 | Apr. 28 | 1— | May 5 | May 14 7 to 16 May 15 | June 5 10 to 31 18 to 39 


SUGGESTIONS REGARDING CONTROL 


In this preliminary paper it is not desired to discuss at length various 
means of repression which may be of value, but a few of the principal 
points will be touched upon. In order to mitigate the injury due to 
these species it is essential that greater care be exercised in destroying 
carcasses of animals. ‘These should be burned as soon as possible after 
death. In case of shortage of fuel it is sometimes more feasible to bury 
carcasses, especially of small animals. Preliminary experiments with 
the burial of carcasses indicate that under most conditions it is neces- 
sary to cover an infested animal with two feet of earth in order to pre- 
vent the flies from emerging. If an animal is buried before infestation 


takes place, a few inches will suffice to protect it from infestation. 


3 
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The treatment of carcasses with borax and certain other chemicals has 
given fair results but is not as satisfactory as burning. 

To prevent infestation of sheep following lambing it is desirable that 
lambing be done during the winter whenever practicable. In some 
cases this will necessitate changes in range practices, including the 
feeding of ewes and furnishing shelter for them. Where lambing is 
done during weather which is conducive to fly breeding, it is important 
that the flocks be divided into fairly small units and carefully watched. 
In exceptionally bad seasons, the systematic trimming of the soiled 
wool from between the legs and around the vent of the ewes is a good 
preventive. An effort should be made to keep the sheep in strong, 
healthy condition and avoid scouring. No. doubt dipping the rumps 
of sheep in repellant solutions will also prove beneficial although some 
damage to the wool would usually result. Investigations along this 
line have not been completed. 

It is very desirable that strains of horniess sheep be developed for 
use throughout the United States, especially in regions where wool 
maggots and screw-worms occur in numbers. 

In treating infested sheep it is important to trim the wool away so as 
to allow the insecticide used to thoroughly reach the maggots, and to 
lessen the danger of reinfestation. The trimming should be begun 
around the outside of the infested area so as not to drive the maggots 
back into the clean wool. Concoctions containing a considerable 
percentage of chloroform have been found effective in destroying the 
maggots. It is advisable to add a small quantity of oil of tar to the 
material used to act as a repellant for the flies. 

A hymenopterous parasite, presumably Nasonia brevicornis Ash- 
mead, has been found to breed freely in the puparia of a number of 
carrion infesting flies, including P. regina and the two species of Lucilia. 
As many as thirty-five parasites have been observed to develop within 
one puparium. Ten puparia of a species of Sarcophaga exposed to 
parasitism produced 348 adult parasites. The developmental period 
at Dallas as observed by the junior author ranges from nineteen days 
upwards. Considering the comparatively short period required for 
development and the reproductive capacity of an individual parasite, 
this species is to be looked upon as an important natural check to fly- 
breeding. Often where the puparia are concentrated, as around a 
carcass, a high percentage of parasitism results. Other parasites have 
been reared but this one is most important. 


VicE-PRESIDENT CooLEy: The next paper will be presented by 
Mr. E. D. Ball. 


Or 


October, 715] MELANDER: SAN JOSE SCALE 47 


FIELD NOTES ON GRASSHOPPER OUTBREAKS 
By E. D. Batu, Logan, Utah 


(Withdrawn for publication elsewhere.) 


Adjourned 4.30 p. m. 


Morning Session, August 10, 1915 


The session was called to order at 10.15 a. m. by Vice-President 
Cooley. 

VicE-PRESIDENT CooLEy: The first paper will be read by Mr. 
C. E. Pemberton. 


THE EFFECT OF COLD STORAGE TEMPERATURES UPON 
THE EGGS AND LARVZ OF THE MEDITERRANEAN 
FRUIT FLY | 


By E. A. Back and C. E. PEMBERTON, Honolulu, T. H. 


(Withdrawn for publication elsewhere.) 


VicE-PRESIDENT CooLEy: The next paper is by Mr. A. L. Melan- 


der. 


VARYING SUSCEPTIBILITY OF THE SAN JOSE SCALE TO 
SPRAYS! 


By A. L. MELANvDER, Pullman, Wash. 


There seems to be no doubt but that sulphur-lime has ordinarily 
been a most efficient scalecide. In the arid region at Wawawai, Wash- 
ington, Piper twelve years ago was able to announce complete destruc- 
tion of the San José scale in one to two weeks after the application. 
Similar quick results have been observed in recent years with scales 
from Wenatchee. On the other hand, this insect is becoming increas- 
ingly prevalent in some of the older fruit sections of Washington, nota- 
bly at Clarkston, and a critical investigation shows that not only are 
the scales slow to succumb to the effects of sulphur-lime but that there 
is a pronounced and great individual difference, many scales mani- 
festing even a complete immunity to this insecticide. 


1 Contribution from the Zoélogical Laboratory of the State College of Washington. 
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After witnessing encrusted scale insects surviving a bath ten times 
normal strength, or others still alive and growing after three biweekly 
sprayings of a stronger than usual sulphur-lime, one cannot agree with 
the statement that the prevalence of the insect is due to faulty appli- 
cation. It must be due in part at least in these cases to an inherent 
vigor of the insect to withstand the toxic effects of the spray. To 
determine the range of individual susceptibility to this and other sprays 
and to ascertain the proportion of immune individuals, and thus to 
measure the biological difference in scales from several localities, the 
Washington Experiment Station some years ago instituted a series of 
experiments in which identical solutions were sprayed at selected 
places.. The results of the tests of 1913 were reported at the Atlanta 
meeting of the Association of Economic Entomologists and were pub- 
lished in the JoURNAL oF Economic Entomo.oey for April, 1914. 

It is the purpose of this paper to announce the results obtained this 
year, which, while corroborating the previous seasons’ tests, show 
even a greater range in susceptibility AENDDY the seales from various 
localities. 

The plan of the experiment took as a standard three-degree factory- 
made sulphur-lime, comparing this with both stronger and weaker 
sprays and checking against oil emulsions as well as against no spray- 
ing at all. The sulphur-lime concentrate tested thirty-four degrees 
Beaumé and was made at the Petrie plant at Clarkston. This was 
‘diluted for tests at five degrees, three degrees and two degrees. Thom- 
son’s Orchard Brand oil emulsion at 5 per cent strength was used as 
in the tests of the two preceding years. Owing to difficulty in emulsi- 
fying crude oil with the liquid soap at hand the results with this insec- 
ticide were not promising and will be neglected in the present discus- 
sion. A sulphur-soda spray known as Soluble Sulphur also was used 
at each place made up in concentrations equivalent to the sulphur- 
limes used. For comparison with the tests made in preceding years 
the spraying was done at Clarkston, Walla Walla, Sunnyside, North 
Yakima and Wenatchee, although different trees were used at all the 
places except Sunnyside. Apples were used throughout the experi- 
ments. | 

The applications were given just previous to the swelling of the 
buds, a narrow cylinder bucket pump and Bordeaux nozzle being em- 
ployed. The selected branches were more than drenched with a driv- 
ing spray so as to avoid the possibility of missing any individuals. 
Whenever there was any danger of the spray drifting to other selected 
branches the parts being treated were isolated by large cloth sheets 
previously rendered water-proof by immersion in a gasoline solution 
of mutton tallow. 
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At intervals of two or three weeks, sample branches were pruned 
from each test and the condition of the sprayed scales was noted by 
dissection under the prism binocular microscope. The numbers of 
living and dead scales were recorded by means of a pair of tally reg- 
isters operated by the examiner’s feet. Here, naturally, enters the 
personal element in forming a decision in the case of dying or just 
dead seales. Practically all the counts were made by A. L. Melander 
and M. A. Yothers checking against each other from different samples 
of each test, and in the following tabulations the percentages given 
are the average of their two counts. Not only is it extremely difficult, 
if not impossible, to decide just when a scale insect dies, but the last 
counts were further vitiated by certain scales dropping from the 
branches. This seemed to be particularly true where the stronger 
sulphur sprays were used, and forms a factor that should not be 
neglected when discussing the insecticidal properties of these sprays. 
It seems that a polysulphide spray changes the waxy covering so as to 
render it difficult for the awakening scale to attach its spring secre- 
tions. ‘Thus in some instances the body of the insect grows beyond 
the scale-covering, loosening and raising it from the plant epidermis 
so that ultimately it falls off. Such unprotected individuals perish 
and drop from the branches. While this mode of death is more or 
less of a factor in sulphur-lime treatment, yet it is not of great impor- 
tance unless the spray is used unduly strong. 

Sulphur-lime is supposed to kill principally by chemical suffocation, 
due to its strong affinity for oxygen. During the reaction the pro- 
toplasm of the insect changes in appearance, becoming viscous and in 
color luteous yellow until further change darkens the protoplasm to a 
brown and changes its consistency to an oily meal. Just when the 
transition point occurs where this reaction ceases to be reversible and 
death ensues is unknown, but in interpreting results the insect at the 
viscous, luteous stage is considered dead. During warm weather the 
moisture of the protoplasm quickly disappears as soon as the insect 
dies, and hence when scales die from the first shock of deoxygenation, 
their dead condition can be interpreted within a few days or weeks. 
Furthermore, in making these counts, only the small blackish over- 
wintering scale insects are considered, since overwintering adults are 
of extremely rare occurrence. After the males had emerged, their 
empty shells were rated as living insects in order not to disturb the 
balance of the sexes at the last count. Whatever element of uncer- 
tainty might appear in making determinations of doubtful cases is 
largely offset by the large numbers counted, for during the season 
over 170,000 scales were individually dissected from the branches and 
their condition recorded. 
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WENATCHEE 


In previous years sprays used at Wenatchee have shown their final 
value within two weeks’ time. This year the first counts, twenty 
days after the application, showed about 40 per cent of the individ- 
uals still in living condition whenever sulphur sprays were used. Oil 
prayed insects after the same interval were completely killed. The 
second count, however, thirty-seven days after spraying, uniformly 
showed practical extermination, only 1 to 3 per cent of the scales being 
rated as alive. This was also the condition recorded at the final count, 
twenty-four days later. The following tabulation briefly gives the 
proportion of living insects at the successive counts: 


20 days 17 days 24 day: 
Sulphtr-lime 50:5 e0 lees Ae recone 45% 2.3% 1.4% 
Sulphur-lime ss oho ert leew ee ete 34 0.8 AG 
Sulphur-lme: 275.7. Were Sees oeptgne eee 48 3. DAO 
Sulphur-sodas«2e:- 2. Same a eee 50 idl RS 
OUD Toke aie See ee eee 0 0 0 
Cheeks act ae eee et ee eee 53 67 45 


NortH YAKIMA 


Tests of 1914 carried on by M. A. Yothers indicated that the San 
José scale at North Yakima died about as slowly from the effects of 
sulphur-lime spraying as at any of the other places of the circuit. This 
year the first counts, twenty-one days after the application, showed 
about 50 per cent of the insects still alive. The second count hovered 
around 20 per cent, and the third around 10 per cent. The several 
proprietary oil sprays used gave much more rapid and effective results, 
practically exterminating the insects by the twentieth day. 


21 days 19days 12days 30 days 


Sulpharslimer oc, sels ie ee cmon 36% 19% 4% 10% 
Sulphur-lemerirykens 2a mane = 49 17 Yy 3 
Sulphursme 2 ye epee a eeu es 35 dl 3 8 
Sulphur-sOdar dua. 2% cw mame at ee oe 45 26 9 25 
Sulphur-sodal 2a ye, wet ee gee 58 Nec 2 8 24 
OU Oe te Fy Ore ene er es 1 1 0.2 0 
Ghee ese ch eee Peers ee PA a 88 83 67 74 


There is some uncertainty as to the best time to apply sulphur- 
lime. The general custom in Washington does not call for fall spray- 
ing, but formerly applications in early February or late January were 
in vogue. The tendency is to postpone this spraying, possibly due 
to the influence of the introduced budmoth and twig-borer which 
require later spraying, until now the winter application is not begun 
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until the middle of March and is continued into April, in some 
instances deferred even until the trees are coming into leaf. Accord- 
ingly, in order to obtain critical evidence bearing on this problem cer- 
tain treatments were repeated on March 26, nineteen days after the 
original tests were given. While the information they afford is not 
conclusive, these tests indicate that later sprayings are much less 
dependable than the earlier. The insects die in both cases at about 
the same rate during the weeks immediately following the spraying, 
but when growth sets in there is a larger proportion of survivors in 
the case of late spraying and these individuals, no longer subject to 
the action of the weathered spray, are able to negative the effects of 
the spraying. The following tabulation shows what a large propor- 
tion of scales are able to withstand a late application at North Yakima: 


21 days 12 days 29 days 
LD DES Se. 2 28% 22% 26% 
“LULU Te 2 nr 29 AT 49 
“SCILLY O LE 4 OE 4] 38 48 
“CLES 3. 25 rr 44 43 43 


WALLA WALLA 


Sulphur-lime has been used at Walla Walla probably as long as 
anywhere in the northwest and if its influence is selective, hardy scales 
should be expected to occur here. The tests with the same materials 
that were used at the other stations gave uniformly poor results in 
the case of sulphur sprays but the oil spray again afforded complete - 
and rapid extermination. It should be noted that by the time of the 
final examination the male insects had long since emerged and the 
females were gravid with young. 


20 days 15 days 20 days 
“SLE LSC er 49% 35% 34% 
eeepmr—lmie, 3°... 2... ees see Rear 48 28 27. 
OD LEU SE 2p a 57 37 27 
LLUDR 002) 6 36 28 32 
2 LSLUDE Ti C2 i 53 42 36 
ee wee ake sme ieinee 1 0 0) 
(LL ERZ. 4 Re ee 92 89 72 

CLARKSTON 


Clarkston at the present time is probably as badly over-ridden with 
San José scale as any fruit district. The destruction wrought by 
this insect is almost inconceivable: cherry and peach trees are dying 
throughout the lower part of the flat and the apple and pear crop is 
so badly specked with scale as to be unmarketable. Conditions in 
the adjacent district, Vineland, higher in elevation, are not nearly 
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so bad, however, While part of the infestation, here as elsewhere, is 
unquestionably due to faulty application, inefficient methods cannot 
be blamed for everything. The spraying tests below recorded were 
carried out thoroughly. The weather was ideal and the insects were 
drenched with liquid. Nevertheless none of the sulphur sprays 
afforded anything like satisfactory control and this year even the 
Orchard Brand of oil failed to give its usual complete success. Un- 
questionably under conditions like this, sulphur-lime as well as other 
sulphur sprays should be abandoned in favor of other materials having 


different insecticidal properties. 
20 days 15days 15days 20 days 


Sulphurchinie,s 10% eee eee 65% 41% 28% 43% 
Sul huUEAlINe M535 eee 35 41 39 45 
Sulphurslrme 3, vases evoke che aeeye tiene Meares 92 59 45 45 
Sulphur-lime, (2°. tec eee 69 63 61 32 
SUID UTEsO Ga GO rech arin a Mere pemenatege 86 51 67 29 
Sulphlur-sodae2 wncpere = eeu enwne 97 Sa 67 46 
Oil oops Hos emeste cease eet ee ee ee 7 5 3 3 
Geek te 22 ie cate ene pret austin See eee 89 98 94 55 


This investigation has shown that differences in results from spray- 
ing are due to locality rather than to the strength of the solutions used. 
There is a much greater variation in the effectiveness of the three 
degree sulphur-lime comparing Wenatchee and Clarkston than there 
is when comparing a two-degree with a ten-degree sulphur-lime used 
at’ Clarkston alone. This contrasting difference between Wenatchee 
and Clarkston cannot wholly be ascribed to climate, nor to the con- 
dition of the trees, nor to the water used in diluting the sprays, nor to 
comparative thoroughness of application, nor apparently to any com- 
bination of extrinsic factors. The prevalence of scale at Clarkston 
and its scarcity at Wenatchee where effective spraying has kept it in 
complete control, further bear out the supposition that there is an 
inherent biological difference in the insects of the two places. 


VICE-PRESIDENT CooLEy: Could you find no other cause than 
heredity for the resistance to treatment? | 

Mr. A. L. MrLanpER: That is the only cause that has been de- 
termined thus far. 

Mr. 8. W. Foster: In comparing treatment on different trees, the 
weather conditions should be similar at the time parallel tests are 
made. A variation of a week’s time in doing part of the spraying 
might give quite different results. 3 

Mr. A. L. MELANDER: In the tests mentioned the weather con- 
ditions were as near similar as possible. 
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Mr. F. C. BisHopp: Was there a record of the previous treatment 
that had been applied to the orchards mentioned? 

Mr. A. L. MELANDER: We have a record for ten years in the or- 
chard at Charleston, where 5 per cent to 10 per cent survived treat- 
ment. In some cases we got as good results with a weak as with a 
heavy spray. In some cases from 20 per cent to 50 per cent of the 
insects survived treatment. 

VicE-PRESIDENT CooLEy: The next paper will be read by Mr. H. 
F. Wilson. 


THE TOXIC VALUES OF THE ARSENATES OF LEAD 


By H. V. Tartar, Chemist, and H. F. Witson, Entomologist, Oregon Agricultural 
; College Experiment Station 


For several years investigations have been carried on at the Oregon 
Agricultural Experiment Station to determine the relative insecticidal 
values of the different insecticides in common use. The problems 
taken up have involved both chemical and entomological work and 
the: data obtained show some very interesting results. Among other 
things the work done has shown that there are two different arsenates 
of lead present in the commercial material and that they are quite 
variable in their action and efficiency. We designate these compounds 
as lead hydrogen arsenate (acid) and basic lead arsenate (neutral) and 
experiments made, using both substances in a pure state, show that 
the first is quicker acting than the second and apparently more efficient 
in strengths containing equal amounts of arsenic. The data pre- 
sented in this paper deal with experiments conducted to determine the 
comparative toxic value of these compounds. 

Considerable difficulty was experienced in securing a satisfactory 
agent for the determination of these toxic values. Very few insects 
were found to occur in desirable numbers and all of them are present 
only for a more or less limited period. Of these the common tent 
caterpillar, Malacosoma pluvialis Stretch, was found to offer the 
best means. ‘This species occurs gregariously in colonies of a hundred 
or more individuals and during the months of April, May and June 
large numbers of the larve are available. They also feed on all kinds 
of foliage and eat greedily so that the poison is easily fed to them. 

The general plan of the work was to cover the leaves of the twigs 
with the arsenates in different strengths; then, by the use of some 
insect which would feed on the foliage, to determine the comparative 
killing properties and finally to determine by chemical analysis the 
exact quantity of arsenic consumed. 
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THE EXPERIMENTS 


An effort was made to use a certain set number of larve for each ex- 
periment but this was found to be unsatisfactory as the individuals 
clung to the nests and were frequently injured in handling. The next 
best method was to remove all the foliage from one or more tents and 
then to fasten the tents to the twigs. In ashort time the caterpillars 
migrated to the leaves and began feeding. 

Two sets of experiments were carried on to secure an even coating 
of the poison on the leaves. In the first set the poison was weighed 
out and placed in an aquarium jar with the water. This mixture was 
thoroughly agitated and two small apple twigs were then immersed 
in the suspension and placed in bottles of water to prevent wilting. 
In the second set the poison was applied as a spray by means of an 
ordinary glass hand-sprayer. No difference could be noted in the 
apparent amount of poison present on the leaves by either of these 
means of application. As soon as the foliage became dry the cater- 
pillars were placed on the twigs. ' 

Each morning following, the dead larve, measuring near an inch 
in length, were gathered, counted, and placed in glass bottles. At the 
conclusion of the experiments these samples were analyzed for arsenic 
content. 

The following strengths were used: 


Series [| 


2to 50 gallons of water (L.H.A. and B.L.A) 10.3 grams to 2000 ec. H.O 
2 to 100 gallons of water (L.H.A. and B.L.A.) 5.18 grams to 2000 cc. HO 
2 to 200 gallons of water (L.H.A. and B.L.A.) 2.59 grams to 2000 cc. H:O 
2 to 400 gallons of water (L.H.A. and B.L.A.) 1.295 grams to 2000 cc. H,O 
2 to 800 gallons of water (L.H.A. and B.L.A.) —_.6475 grams to 2000 cc. H2O 


The first three sets were applied April 22, the other two Apri! 23, 1915. 


Series II 


2to 50 gallons of water (L.H.A. and B.L.A.) 2.59 grams to 50 cc. H.O 
2to 100 gallons of water (L.H.A. and B.L.A.) 1.281 grams to 50 cc. H,O 
2to 200 gallons of water (L.H.A. and B.L.A.) .647 grams to 50 cc. H,O 
2to 400 gallons of water (L.H.A.and B.L.A.) .3237 grams to 50 cc. H,O 
2to 800 gallons of water (L.H.A.and B.L.A.) .1618 grams to 50 cc. H,O 
2 to 1200 gallons of water (L.H.A. and B.L.A.) .1067 grams to 50 cc. H2O 


The first series was applied May 5; the other five May 4. 
The larve were gathered each day from paper placed under the 


vessels containing the twig. The data obtained are tabulated as 
follows: 


17,,.H.A.=Lead Hydrogen Arsenate; B.L.A.=Basic Lead Arsenate. The former 
contains approximately 33 per cent arsenic oxide, the latter 25 per cent. 
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Serres [ 
z | Drop 
ray | Applied: | 7 es 
ye : | April | April | April | April | April | April 
aR ess 26 27 28 
] ] | i 
| } | 
1} 250 LEA. Apr.22,1915 | 325 | 46 | 30 | 20 | 24 445 
| 2:50 B.LA, Apr.22,1915 | 12 | 17 | 98 | 48 | 30 205 
] | 
| 
2 | 2:100 L.HLA. Apr.22,1915 | 56 | 101 | 94 BE |). 39 ie 341 
| 2:100 B.L.A. Apr. 22,1915 | Pe tol gers 82° | 657 33 202 
3 2:200 L.H.A. Apr. 22, 1915 46 | 60 | 108 (21, (33 9 371 
2:200 B.L.A. Apr. 22, 1915 5 | 6 40 101 68 220 
| | } 
4 2:400 L-HLA. Apr. 23,1915 | fe seegly vor a|vel0te ea [leaas 
2:400 B.L.A. Apr. 23,1915 | | 14 42 | 57 88 201 
5 | 2:800 L.H.A. Apr. 23,1915 | | 43 110 | 177 88 418 
| 2:800 B.L.A. Apr. 23,1915 | | 3 43 | 108 137 291 
Series IT 
Date | May | May | May | May | May | May | May 5 Summary 
Seoteerd 5 | 6 | 7} 8s | 9 |1|u| My? | Mats Total 
AL 2:50 peer | 21 a4 33 | 69 | 36| 33| 5 2 352 
1 | LE.A. 
| AL2:50 | May 5 3 | 128| 169] 53 | 201) 126) 66 38 784 
BLA. | (all dead) 
} | 
'AL2:100 | May4| 9 | 45] 69| 95| 3 | 19 240 
2|LHA | 
AL2:100 | May 4 6} 17} 108| 19 | 41 191 
BLA. | : 
AL2:200 |May4 | 65 | 123] 209| 118| 31 | 107 653 
3;LHA. | 
AL 2:200 | May 4 12| 77} 139| 34 | 75] 46 20 453 
BLA. | 
} 
AL2:400 | May4 | 19 77| 154 | 192] 44 | 85| 33 604 
| AL2:400 | ...:.. 5| 21} 87| 65 | 42] 34 30 284 
(BLA. | (20 more or 
: less alive) 
t 
AL 2:800 | See 5 61| 106] 175] 59 | 97| 30 35 568 
Ses EAS | (several 
| | alive) 
HAL2:800 | ...... 3] 42) 49) 21.) 36] 25 6 152 
[BLA | 
) | 
| j 
| AL2:1200| ...... 12] 36] 168] 115 | 77| 42 93 (a few 
(picked off) alive) 
6|LHA. | 23 561 
| AL 21200) 2... 7{ 23| 44 | 39] 46 42 | 
| | (picked off) | 22 223 
| (at least 25 
| | feeding on 
| | | first foliage) 


1 Where strengths of 1 to 1200 were used it was necessary to add a second set of sprayed twigs as caterpillars ate all 


foliage on first set. 
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OBSERVATIONS 


Notes taken during the course of the experiments show very clearly 
and conclusively that the lead hydrogen arsenate is quicker acting than 
the basic salt and that smaller amounts are required for killing effi- 
ciency. Also, that although the caterpillars on the experiments sprayed 
with the basic form lived longer, they finally died, and with strengths 
where less than 2 lbs. to 200 gallons was used the damage done before 
they died was not serious. These experiments further show that the 
killing efficiency is reduced in proportion to the reduction of the amount 
of material used, and that beyond certain strengths they lose their 
destructive value because the caterpillars cause very serious damage 
before the quantity of poison eaten is large enough to kill. 

A comparison of the efficiency values shows that the lead hydrogen 
arsenate in strengths of 2 to 50 was quicker acting than the basic, but 
the results obtained with the latter were satisfactory in that practically 
the same amount of foliage was eaten in both cases. In strengths of 
2 to 100 the difference in action was greatly in favor of the lead hydro- 
gen arsenate but only a slight difference was noticed in the amount of 
foliage destroyed. 

In strengths of 2 to 200 similar conditions were noticed, but with the 
basic lead arsenate the amount of foliage destroyed was increased, 
In strengths of 2 to 400 both materials acted more slowly and a con- 
siderable part of the foliage was eaten on the basic lead arsenate exper- 
iment. The lead hydrogen still remained satisfactory. 

In strengths of 2 to 800 practically the same conditions existed, the 
poison acted slower and the amount of foliage eaten increased. 

In strengths of 2 to 1200 neither form prevented serious damlage and 
with the basic form the first twigs were completely defoliated and a 
second set partly destroyed. As shown in the table these experiments 
were discontinued before all the caterpillars died because it was not 
thought necessary to carry them further. 

Further comparisons showed that the lead hydrogen arsenate 2 to 
200 was more efficient than the basic 2 to 100 and that the lead hydro- 
gen arsenate 2 to 400 was more efficient than the basic 2 to 200 in the 
protection of foliage. 

In the tables it will be noted that as a rule only a few died the first 
day or two, the heaviest drop occurring within two or three days. 
This may be accounted for in several ways. 
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A few caterpillars begin feeding immediately upon being trans- 
ferred. These are usually quite hungry and eat considerably before 
stopping. The others feed later at a time more or less regular to their 
habits and eat according to their hunger, some eating rapidly and 
devouring considerable foliage before the poison can act. Others eat 
only a small amount or eat slower and although they become sick they 
manage to survive for a longer period in proportion to the amount - 
eaten. The behavior of the poisoned caterpillars is practically the 
same in all cases but varies considerably with the amount eaten. 
Usually those that are slightly sick wander around to a more or less 
extent but do not feed and if possible they will leave the twigs. Those 
with larger doses cluster together and gradually become sluggish, being 
at first sufficiently active to move the head and forepart of the body 
-from side to side when disturbed. Later they barely move and finally 
may drop off or remain suspended from the tent by the prolegs. 


— 


CHEMICAL ANALYSES 


The chemical analysis of the poisoned caterpillars from each of the 
tests was made by first drying at 100 degrees centigrade to get the 
actual weight of the dry tissue of the insects. Then the arsenic was 
determined in the following manner: A quantity of the dried tissue, 
not exceeding 4 grams, was introduced in a Kjeldahl flask, 500 ce. 
capacity, and about 15 cc. of arsenic free concentrated sulfuric acid 
added.. The flask was then placed over a medium flame and heated 
until fumes of sulfur dioxide were given off. Fuming nitric acid 
(arsenic free) was next added in small quantities (2 cc.) at short inter- 
vals until all the organic matter was oxidized and the solution was 
perfectly clear. The solution was then digested over a hot flame for 
two hours. Following the digestion the excess of sulfuric acid was 
carefully driven off and the arsenic determined by titration with 
fiftieth-normal iodine solution after reduction with potassium iodide, 
according to the modified Gooch and Browning method (Bul. 107 
Revised, Bureau of Chemistry, U. S. Dept. of Agr., p. 239). The 
results were calculated in terms of milligrams of arsenic oxide, As:Os. 

The data obtained from the analytical work are given in the follow- 
ing tables. 

For convenience in making comparisons, the milligrams of arsenic 
oxide in 1 gram of dried tissue have been estimated in each instance. 
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EXPERIMENT No. 1 


= Milligrams of Milligrams of Arsenic 


No. Spray aio: oe roat as oa Arsenic Oxide Oxide (As:Os) to 1 
si ee Aare (As205) gram of Dry Tissue. 
| 
1] 2:50 LHLA. 445 | 3.978 2.96 | 0.74 
2 2:50 B.L.A. 205 | 1.423 0.86 0.60 
3 2:100 L.H.A. 341 1.262 0.86 0.68 
4 2:100 B.L.A. 202 1.623 0.48 0.30 
5 2:200 L.H.A. 371 1.751 0.40 0.23 
6 2:200 B.L.A. 220 1.056 Tracel 
7 2:400 L.H.A. 332 1.674 0.34 0.20 
8 2:400 B.L.A. 201 .831 Trace 
9 2:800 L.H.A. 418 1.337 0.08 0.06 
10 2:800 B.L.A. 291 2.035 0.28 | 0.14 
1 One drop fiftieth normal iodine for titration. 
EXPERIMENT No. 2 
| : Milligrams of Milligrams of Arsenic 
No. Spray No. os Sas io ope! Arsenic Oxide Oxide (As:Os) to 1 
pillars Tissue (Grams) (AssOs) Geant he Tees. 
| 
1 2:50 L.H.A. 176 3.383 2.30 0.62 
2 2:50 B.L.A. 261 3.520 1.72 0.49 
3 2:100 L.H.A. 240 4.046 1.86 0.46 
4 2:100 B.L.A. 191 3.150 1.50 0.47 
5 2:200 L.H.A. 185 2.990 0.72 0.24 
6 2:200 B.L.A. 453 4.835 1.29 0.26 
7 2:400 L.H.A. 302 3.790 0.86 0.23 
8 2:400 B.L.A. 284 3.222 0.57 0.18 
9 2:800 L.H.A. 284 3.719 0.43 0.11 
10 2:800 B.L.A. 152 2.303 0.15 0.06 
11 2:1200 L.H.A. 280 3.582 0.28 0.08 
12 2:1200 B.L.A. 223 2.354 0.15 0.06 


These results show that in most cases the arsenic content of the 
caterpillars poisoned with the lead hydrogen arsenate was somewhat 
greater. This fact may be partly due to the higher arsenic content of 
this compound. It is also possible that this substance, being more 
chemically reactive, is more rapidly absorbed into the tissues while 
the inert basic compound passes through the intestinal tract of the 
insect without the absorption of so much of the arsenic. 

In conclusion, we acknowledge our indebtedness to Mr. R. H. 
Robinson who assisted in making the chemical analyses here 
reported and to Mr. G. F. Moznette who assisted in the Entomological 
work. 


VicE-PRESIDENT Cooxtey: Mr. George P. Gray will present the 
next paper. 


October, 715] CLAUSEN: APHID-FEEDING COCCINELLID% A87 


SULFUR AS AN INSECTICIDE 


By GrorGe P. Gray 


(Withdrawn for publication elsewhere.) 


A large number of photographs illustrating the work of the Medi- 
terranean fruit fly were exhibited by Mr. E. A. Back. 
Session adjourned, 12 m. 


Afternoon Session, August 10, 1916 


The session was called to order at 2.15 p. m. by Mr. H. F. Wilson, 
president of the Pacific Slope Association of Economic Entomologists. 


PRESIDENT WILSON: We will now listen to a paper prepared by 
Mr. C. P. Clausen which will be read by Mr. 8. W. Foster. 


A COMPARATIVE STUDY OF A SERIES OF APHID-FEEDING 
COCCINELLID! 


By C. P. Crausen, University of California Citrus Experiment Station, 
Riverside, Calvfornia.! 


Among the beneficial insects of California as well as elsewhere, the 
Coccinellide hold high rank as aphid and scale feeders. In order to 
determine the relative efficiency of some of the more important forms, 
a study of eight of the principal aphid-feeding species of this state was 
made at Sacramento during the season of 1913, and completed at 
Berkeley and Riverside in 1914. The species under observation were: 
Hippodamia convergens Guer., Hippodamia ambigua Lec., Coccinella 
californica Mann., Coccinella trifasciata Linn., Olla oculata Fabr., 
Olla abdominalis Say., Cycloneda sanguinea Linn., and Adalia bipunc- 
tata Linn. 

At the time the investigations were undertaken, an extensive series 
of tests were made to determine the most satisfactory type of breeding 
cage for use in the laboratory. By far the most satisfactory results 
were secured by confining the individuals under observation in plain 
three-inch vials with cotton stoppers. The stoppers were covered 


1Paper No. 19. Citrus Experiment Station, College of Agriculture, University 
of California, Riverside, Cal. 
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with tissue paper to prevent the larve from becoming enmeshed in 
the cottony fibers. Approximately. outdoor conditions as regards 
temperature and humidity were thus secured. Potted plants infested 
with aphids and covered with chimney glasses were tried for a time, 
but did not fulfill the requirements, due to the occasional condensation 
of moisture upon the glass surface and the tendency of the adult 
beetles to ascend to the top of the glass and to remain there inactive 
rather than feeding normally upon the infested plant. - 
The points taken up in the investigation were the following: 
The length of time intervening between emergence and mating and 
oviposition, the length of the oviposition period, the rate of oviposition, 
both as to the number of eggs per day and the total number for the 
entire period, the life histories, and the feeding habits, both in the 
larval and adult stages. In every case a sufficient number of indi- 
viduals were started for each species to make it practically certain 
that at least ten would complete the test, making allowance for una- 
voidable mortality. The records given for each species, therefore, 
represent the average for approximately that number of individuals. 


EMERGENCE TO MATING AND OVIPOSITION 


No great divergence was found to exist between species as regards 
the length of time intervening between emergence and mating. The 
range extended from 1.6 days in the case of A. bipunctata to 2.7 days 
for C. californica. No records were secured of H. convergens due to 
the fact that all individuals used in the tests were taken from cold 
storage in the adult stage. From mating to oviposition the variation 
was from 8.6 days for O. abdominalis to 11.9 days for C. calzfornica. 
The minimum period of time for a single individual was 7.0 days in the 
case of one female of O. abdominalis and one of C. sanguinea. 


THE PERIOD OF OVIPOSITION 


The period of time over which oviposition extends is very largely 
dependent upon the conditions under which the beetles are kept. 
Under optimum conditions the deposition of eggs takes place daily 
during a period extending from approximately two weeks after emerg- 
ence until death. The maximum average was found to be 48.1 days 
for H. ambigua and the minimum 28.2 days for A. bipunctata. The 
comparatively low average for H. convergens may be accounted for by 
the fact that three of the eleven individuals under observation died 
within two weeks of the beginning of the experiment. Oviposition by 
one female of H. ambigua extended over a period of fifty-nine days. 
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Ovyreosition REcoRDS 


E. Length Per cent Days Average Average eggs 
; No. of 

Species Snecinens of Eggs for Per 

Period, Days Deposited Period Day 
C. californica Mann.............- 10 31.0 | 69.5 207 8.0 
Gemsjasciaia Linn... 2.5). 6 5.15 os 10 29.2 75.0 249 8.4 
Ae consergens Guer............- 11 383.85 63.8 299 8.9 
eamingua ec... 22.0. ...21..e- 8 48.1 61.4 312 les 
O. abdominalis Say............-. 9 34.7 | 70.3 234 6.3 
BinculaiE HAWES. cone ceive. esa « 9 35.4 89.3 347 9.8 
A. bipunctata Limn.............. 10 28.2 69.4 190 6.7 
C. sanguinea Linn. ............. 10 28.8 73 .6 201 7.0 


RATE OF OVIPOSITION 


A very considerable difference was found to exist in the number of 
eggs deposited by the various species. As would be expected from 
field observations, H. convergens deposited the greatest number of eggs, 
609 being secured from a single female, while the average for all indi- 
viduals was 299, but leaving out of account the three females which 
died prematurely, the average for the species was 358 eggs. O. oculata 
was a very close second with 347, while A. bipwnctata was least with a 
production of 190 eggs. The maximum number of eggs deposited by 
a single female in one day was 43 in the case of H. convergens, while 
O. oculata was last with a maximum of 22 eggs. The latter species, 
however, ranked first with respect to the daily average for the entire 
period with 9.8, while O. abdominalis was last with 6.3 eggs per day. 


FREQUENCY OF OVIPOSITION 


The proportion of days upon which eggs were deposited varies 
greatly, the range being from 61.4 per cent for H. ambigua to 89.3 per 
cent for O. oculata. The latter species was found to be markedly 
uniform in this respect, the range among the nine individuals of the 
species being from 84.3 to 95.5 per cent, the minimum in this case being 
higher than the maximum of any other species. It will be noticed, 
however, that the regularity of oviposition was not in direct proportion 
to the total production of eggs, inasmuch as H. ambigua, the lowest 
with respect to the frequency of oviposition, ranked second in total 
production. 

Lirre-HIsTory 


A greater or less uniformity exists among the various species as 
regards the length of the different periods or stages of the life cycle. 
The egg stage ranged in length from 4.2 days for O. abdominalis to 6.0 


4 
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days for C. trifasciata. In no case were more than six days required 
for incubation. Almost invariably the eggs comprising a cluster all 
hatched within a few hours. The first larval stage varied from 3.3 
days for O. abdominalis to 5.7 days in the case of C. californica. A 
single larva of C. californica required ten days, but apparently was not 
normal and died shortly after pupation. The second larval stage was 
found to be uniformly shorter than the first, the variation being from 
2.3 days for O. abdominalis to 4.7 days for H. ambigua. Nine larve of 
H. ambigua, three of C. californica, and one of H. convergens required 
only two days for this stage, while one specimen each of H. ambigua 
and O. oculata required six days. The third stage was of approxi- 
mately the same length as the second, with the exception of H. con- 
vergens, in which case the period was much shorter. ‘Two individuals 
of O. oculata required five days. The fourth stage was considerably 
longer than those preceding it, the range being from 4.7 days in the 
case of O. abdominalis to 7.4 days for C. trifasciata. The greatest 
variation, however, was found in the pupal stage, where’3.5 days were 
required by O. abdominalis and 8.0 for H. ambigua. The totals of the 
successive stages gave a minimum of 21.0 days for O. abdominalis and 
a maximum of 33.2 days for H. ambigua. 


DvraTION oF DIFFERENT StTaGE InN Days 


ae = Larval Stages. neo 

2 0. 0 gg upa 

Species Specimens| Stage | | Stage LOW 

First | Second | Third | Fourth 

Co californica Mannss..2 ees ee 13 5.4 Dard, 3.3 3.4 6.8 4.5 29.1 
Onimyasciata Villines: sarees eye 12 6.0 5.3 4.2 ono 7.4 Bee 31.8 
Hiiconvergens\Gueresisen o 2 teaser 8 5.0 3.9 3.6 2.3 6.5 so 28.8 
HH OMUi gua WueCoee epee cine eee 10 aie) 3.8 4.7 3.6 Uee} 8.0 33.2 
0. abdominalis Say: :..:......-..'.. 14 4.2 3.3 223 2.8 4.7 3.5 21.0 
ONoculatashabrsse nse ees ee. 11 5.0 4.6 4.5 4.2 7.0 dal 30.2 
Als oipunctataWanneen se ie eee. i 5.0 4.6 2.9 3.0 5.6 6.0 26.7 
COSONGUINE WINN sats ee tae ene ey 10 Die 4.5 Bf 3.2 4.9 4.2 25.3 


FEEDING RECORDS 


The average number of aphids eaten by a larva during the entire 
period ranged from 216 for C. sanguinea to 475 in the case of C. cali- 
fornica. One individual of the former species came to maturity after 
consuming 147 aphids, while one larva of C. californica required 580, 
this being the maximum for a single individual. 

Daily feeding records of the adult beetles covering a fifteen-day 
period were secured with the exception of H. convergens, the records of 
which extend over only eight days. The maximum period average 
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was 624 aphids for O. oculata, and 234 as a minimum for C. sanguinea. 
One adult of the former species devoured 672 aphids during this period. 
On a daily basis the variation extended from 56.1 aphids per individ- 
ual for H. convergens to 15.6 for C. sanguinea. C. californica was 
conspicuously low in this respect when the size of the beetle is consid- 
ered, the average being only 34.0 aphids per day. 


FEEDING REecorps 


| Larve | Adults 


Length | Aphids Eaten Length | Aphids 


: No. of No. of 
Species ‘ 0 ————— : of Eaten per 
sige ques Stage i pueeimens Period Day 
| Period | Daily 

OScalrjonnica Manno oa eos cc eee 13 Dae dae| were vows || 24.9) 10 15 da. 34.0 
OL IT EG 111 DT eer 13 25.8 294 15.8 10 15 28.9 
HIT CONUENGENSGUCE Loe cc pctcis ac os vs snitie's ve 127s 82328 349 | 20.7 6 8 56.1 
id OGTUDT A Ue orn See eee ee 8 27.7 312) | 11-4 10 15 26.5 
GAANMATINEISE SAY sf cre ais .cis veces as0 8s eee 14 16.7 240 19.8 9 15 30.4 
PR OCTLOLE WADL Mere aceleis (s cicie sie son teeis oe se 10 25.2 326 17-2 10 15 41.6 
PAPAL DUTCH UIs ove oss aie ee ee eae De = 10 21.7 252 14.1 10 15 16.7 


CRIP NOT EDAD he -jtcieiore ci oe os viele se eas 10 20.0 216 | 14.5 10 15 15.6 


On the basis of the results secured in the studies previously outlined, 
the following conclusions may be drawn: 


1. Temperature and humidity are very strong controlling factors 
in the development and behavior of the different species. 

2. The number of eggs deposited under normal field conditions varies 
from 200 to 500 and occasionally more, extending over a period 
of four to eight weeks in case the female lives the full adult life. 

3. The period intervening between emergence and mating is one to 
three days, and from mating to oviposition eight to eleven days. 
A period of ten to fifteen days thus intervenes between emerg- 
ence and the beginning of oviposition. 

4, Oviposition normally takes place daily, with occasional exceptions. 

5. The number of aphids eaten by the larve of the different species 
varies approximately with the size of the individuals, the num- 
ber varying from 216 to 475 for the entire larval period. 

6. The above to a somewhat lesser extent is true of the adults also. 


PRESIDENT WiLson: The next paper is by Mr. J. F. Illingworth 
and will be read by Mr. O. H. Swezey. 
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NOTES ON THE HABITS AND CONTROL OF THE CHICKEN 
FLEA 
(Echidnophaga gallinacea Westwood) 


By J. F. Inuineworts, Px.D., Professor of Entomology, College of Hawaii, 
Honolulu, T. H. 


In this paper the writer desires to briefly summarize data which is. 
to appear later in a bulletin from the College. His investigation of the 
life-history of the chicken flea shows that there is a great similarity 
in the development with that of ordinary fleas; and, that it is only in 
their adult stage where they become markedly specialized. Reviewing 
the literature we find numerous short references to this species, but 
none that would indicate a thorough knowledge of the life-cycle and 
means of control. 

The species has appeared under several generic names since West- 
wood (1875)! placed it in the genus Sarcopysilus. Enderlein (1903) 
created the genus Argiopsylla for it; and Baker, (1904) recognizing 
that it differed widely in structure from Sarcopsylla penetrans, gave 
it the new genus Xestopsylla. Finally, Jordan and Rothschild (1906) 
placed it in Olliff’s (1886) old genus, Echidnophaga. . 


Hosts 


Though, normally, fleas of this species infest poultry, the indication 
is that they attack any animal that comes in their way.. The records 
mention dogs, cats, horses, rats, owls and man. They are particularly 
fond of young animals, and it has been noted that they are sometimes 
very annoying to children. In East Africa, 22.5 per cent of the fleas 
taken from rats were found to belong to this species; hence, these 
rodents are thought to be an important agent in their distribution. 
Recently, the writer discovered that they also infest the English 
sparrows, that flock into the chicken houses to the feed boxes. 


DISTRIBUTION 


Though Westwood’s description, in 1875, was from specimens found 
in India, the species is now pretty generally distributed around the 
world, favoring tropical and sub-tropical regions. A few of the places 
mentioned in the literature are: Africa, Italy, Russia, Asia, Fiji 
Islands, and America. This flea has been recorded in the southern 
United States since 1890; and one record extends the range as far north 
as Minnesota. 


1 See bibliography. 
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Lire-History 


In the study of the development of the fleas every effort was made 
to duplicate natural conditions. The fact that the adults of this 
species locate themselves rather permanently greatly simplified the 
problem of observing their habits of mating, egg-laying etc. 

Newly emerged fleas, of both sexes, were placed in a large glass jar 
with a young rooster. The next morning ten females and eight males 
were found located upon the head of the bird. Short, gelatin capsules 
were then glued to the head, covering individual female fleas, so as to 
determine the number of eggs produced. During the day from one to 
two eggs were laid by each female, but on the following morning the 
capsules were full of eggs, and small pellets of blood—the excrement 
of the fleas. Careful observations were continued, renewing the cap- 
sules daily, as long as the fleas lived. It was a noticeable fact that 
egg-laying took place principally at night—often as many as forty 
eggs being produced by a single female at night and only one or two 
during the day. 

Matine.—A careful, daily chart was kept of the location of the 
individual fleas on the rooster’s head, and it was noted that the males 
shifted their positions during the night, but remained rather stationary 
during the day. The females remained practically in one location 
throughout their life—changing their position only when consid- 
erably disturbed, in some way. 

Evidently, mating normally takes place at: night, for rather constant 
daily observation failed to discover pairs in copula. On one occasion, 
some males that had emerged several days previously were placed on 
the bird, and after a short time they were observed copulating with 
the females which had been without males for several days. It is 
rather interesting to note, that in this species the male backs up to 
the female from below, extending and curving the end of his abdomen 
backward to secure the union, while he is practically standing on his 
head. The pairs observed remained attached only about five minutes. 

LoncEvity RELATIVE TO SEx.—Of the fleas under observation on 
the fowl, the males quickly died off—living from two to six days after 
feeding and mating—while females lived from eighteen to forty days; 
producing eggs up to the time of their death. 

In an experiment with fleas kept in jars without food or moisture 
after emerging, just the opposite was the case, the males greatly 
outliving the females—some of them remained alive and active for 
a full month. 

Eae-Layinc.—The fleas must evidently feed upon blood before 
they mate or are able to produce eggs. Several hundred newly 
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emerged fleas that were confined for many days in vials and jars 
without feeding, were not observed to mate and in no case were eggs 
produced. 

Female fleas removed from fowls and placed in empty vials oviposit 
at once—from one to three eggs being produced. These fleas, if left 
in the vials, usually died during the following day. 

Egg-production appears to depend largely upon the proximity of the 
males. The first and second day after mating the maximum number 
of eggs are produced; and, from that time on the number rapidly falls 
off until mating takes place again. Often females, that were not 
kept supplied with males, produced eggs which dried up quickly. 
By placing fresh males on the rooster’s head from time to time, it 
was found that the females reproduced actively throughout their life. 

THE Eaes.—The eggs are laid singly, and, being dry, they rolled 
about in the capsules, so that it was rather difficult to keep them from 
falling out. They are oval in form, about one third longer than wide, 
and a beautiful opalescent white. 

Since the eggs are largely produced at night, they may be found 
abundantly on the roosting-board of infested fowls. 

THE Larvyxz.—The incubation period was found to vary from three 
and one-half to four days, at ordinary summer temperature. Eggs 
kept under observation during hatching became yellowish; and by 
transmitted light the larva could be plainly distinguished within. 
By a jerking motion of the body, the hatching spine, which is located 
on the top of the head of the larva, was observed effectively making 
a single slit in the egg-shell; through which the larva escaped. 

The newly-hatched larve are quite white and very active, wriggling 
about over the surface of the soil. Within a few hours, if kept under 
natural conditions, they turn dark, due to the food within the alimen- 
tary canal. As was mentioned above, the parent fleas are constantly 
producing pellets of dried blood, which fall with the eggs to the soil. 
The larve apparently feed upon this excrement exclusively. 

The larve were found to molt three times—the hatching-spine 
disappeared at the first molt. The older larve burrow into the soil so 
that they were always found at the bottom of the jars in the experi- 
ments. When ready to pupate the food all leaves the alimentary cartal 
and the larve become pearly-white again. The larval period was 
found to vary considerably—lasting from six to ten days at summer 
temperature. 

THE Pupa.—When ready to pupate the larva spins a delicate cocoon, 
of the finest silk, which holds the particles of dust together around it. 
In most cases these cocoons were made against the glass, at the bottom 
of the breeding jars, so that the transformations could be observed 
through the wall. 
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After building the cocoon the larva remained doubled up inside for 
three to four days before pupating. The pupal stage lasts from six 
to nine days; the pupa beginning to turn dark several days before 
emerging. The entire life cycle, from egg to adult flea, was found to 
vary from twenty-two to twenty-nine days under ordinary ‘ summer 
conditions in Hawaii. 


CoNTROL 


Since the development in the early stages of this species follows so 
closely that of other fleas, standard methods of control were tried. 
The water treatment proved very successful. After washing out the 
roosting place each morning for a week, the fleas on the chickens 
became noticeably less; and after two weeks of such treatment they 
had practically disappeared. 

Investigation shows that these fleas are most troublesome in dry 
localities and that wet districts, near the mountains are not troubled. 

A Japanese, who has about two thousand fowls, located in the dry 
district, told the writer that he had no trouble with fleas, but that 
he did not know why he was free from them. 

It was observed that he swept out the roosting places each morning; 
placed the droppings in water to macerate before applying them to 
his garden; and, that he used the sprinkling pot freely in the houses to 
keep down the dust. His treatment is one that recommends itself, 
not only for the general sanitation and health of the fowls, but also, 
it is a most satisfactory means of destroying the fleas. 

Air-slacked lime has also proved very destructive to the developing 
fleas, and may often be used to advantage about the poultry house. 
A little of the dust-lime in the nests and other places, where it is 
better not to use water, keeps not only fleas but other pests from 
developing. In locations where water is scarce, the lime may be 
substituted, placing it under the roosts, ete. 
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PRESIDENT Witson: The next paper will be presented by Mr. 
A. F. Burgess. 


SOME PHASES OF GIPSY MOTH WORK IN NEW ENGLAND 
By A. F. Burcess, Melrose Highlands, Mass 


‘(Withdrawn for publication elsewhere.) 


PRESIDENT WILson: We will now listen to a paper by Mr. E. D. 
Ball. 


THE DISTRIBUTION OF THE BEET LEAF-HOPPER 
By E. D. Batu, Logan, Utah 
(Withdrawn for publication elsewhere.) 


A general discussion followed this paper in regard to the leaf-hopper 
transmitting the disease concerned and it developed that definite facts 
concerning the transmission of the disease had been worked out under 
laboratory and field conditions by Prof. R. E. Smith and his associates 
in the University of California and would be published in a forthcom- 
ing number of Phytopathology. 

PRESIDENT Witson: The last.paper on the program will be pre- 
sented by Mr. G. N. Wolcott. 


THE INFLUENCE OF RAINFALL AND THE NON-BURNING 
OF TRASH ON THE ABUNDANCE OF DIATRZA 
SACCHARALIS! 


By GEorcE N. WoLcotTtT 


(Abstract) 

The most important insect injurious to sugar cane in the Western 
Hemisphere is the smaller moth stalk borer, Dzatrea saccheralis 
Fabr., which occurs in abundance in the southern United States, 
Mexico, Cuba, Jamaica, Santo Domingo, Porto Rico, St. Kitts, 
Barbados, Trinidad, Demerara, and Argentina, besides other islands 
and countries of lesser importance in sugar produC¢tion. 

The larve of Diatrwa cause the injury to the cane, as they bore 
into the stalks, eating the soft juicy pulp, opening the way for disease 

1 Published by permission of Mr. W. V. Tower, Director, Insular Experiment 
Station, Rio Piedras, Porto Rico. 
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organisms to enter, reducing the amount and purity of the juice, and 
weakening the strength of the stalk. The pupa is formed in the stalk, 
and the creamy-yellow, inconspicuously marked moths deposit eggs 
on the upper leaves of the cane. 

The writer has visited most of the cane growing countries, and, 
being impressed by the notable variation in the amount of cane in- 
fested with the borer larve, has endeavored to determine the fac- 
tors governing the abundance of the insect. 

Working along similar lines in Louisiana, Mr. T. E. Holloway has 
contended (Louisiana Planter, December 19, 1914) that the abun- 
dance of Diatrwa depends in large part upon the scarcity of the cos- 
mopolitan and omnipresent egg parasite of the borer, Trzchogramma 
minutum. Field experiments in Texas and Louisiana, carried on for 
two years by Mr. Holloway, have quite effectually demonstrated that 
the burning of the cane trash (tops and leaves) after the cane is har- 
vested, destroys large numbers of Trichogramma, as is evidenced by a 
larger number of cane stalks injured by Diatrea in the succeeding crop 
than in check fields where the trash is not burned. 

A large number of careful observations made in Porto Rico during 
the past grinding season, confirmed by the evidence from other coun- 
tries, indicates that there is a constant relation between the amount 
of rainfall and the abundance of Diatrwa. The accompanying table, 
which gives the percentages of infestation of cane by Diatrewa in con- 
junction with the total annual rainfall in inches for 1914, shows that 
the abundance of Diatrwa is in inverse proportion to the amount of 
rainfall. In the table, the abundance of Dzatrwa in fields where the 
trash was burned, and where the trash was not burned, is recorded 
separately, the difference amounting to nearly 100 per cent higher 
infestation by borer in fields where the trash has been burned. 

That rainfall affects the abundance of the smaller moth borer 
is of scientific interest, but apparently no economic application can be 
made of this fact. But it is possible for planters to take advantage of 
the relation which has been found to exist between trash burning and 
borer infestation, and stop burning trash. In Cuba and northern 
Porto Rico, trash is seldom burned, and practically never in the 
British colonies. With a better understanding of the losses attendant 
upon burning the trash, it can usually be obviated elsewhere by the 
use of improved heavy-ratooning varieties and somewhat altered 
plantation practice. 

It is comparatively easy to demonstrate the effect of an abundance 
of rainfall in lessening the numbers of Dzatrea, but much more difficult 
to satisfactorily account for this effect. The eggs of the borer are 
deposited on the leaves of the cane, and when the young larve hatch, 
a considerable interval elapses while they crawl about on the cane 
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before they enter the stalk, or the midrib of the leaf. It is quite 
probable that this is one of the most crucial periods in its life history 
and that many newly hatched larve fail to enter the cane before they 
are washed off by the rain. It was observed in Cuba that considerable 
numbers of borer larve were killed in young cane by the more rapid 
growth of the central shoot of a cane plant than of the outer leaves. 
Also, larvee were found which had been drowned in a mixture of water 
and decaying cane juices which had collected in their tunnels after 
rains. To avoid danger from these causes, many larve were found 
living outside the shoot, where they were exposed to the attacks of 
predators or parasites. 3 
SUMMARY 


The abundance of the smaller moth borer, Diatrea saccharalis, the 
most important pest of sugar cane in the New World, depends upon 
two factors, rainfall and the burning of trash. Rainfall cannot be 
controlled, but in many cases in Porto Rico and elsewhere trash is 
needlessly burned. Burning trash increases the abundance of the 
borer 100 per cent. It is desirable that the burning of trash be 
avoided. 


TotaL ANNUAL RAINFALL AND AVERAGE INFESTATION OF SUGAR-CANE By DIATR&A SACCHARALIS AT VARIOUS LOCAL- 
ITIES IN Porto Rico, ALSO INFESTATION IN FIELDS WHERE THE TRASH WAS BURNED AND WHERE THE TRASH Was 
Not Burnep. 


Percentage of Infestation, 1914-15 
Inches of 
Locality Rainfall, 
1914 Average of| Fields where Trash | Fields where Trash 
all Fields Was Burned Was not Burned 
CWOlOSOM ee eRe Gi doa Pete ode 101 6 (8) 6 (8) 
IATL ASCO MCT eri ceria ee aoa eh nn pics 95 5 (6) 5 (6) 
Fajardo... .... as See ee eo 761 11 (15) 13 (6) 9 (9) 
ManaticMOrovis.ia-.a-bi ce oon oe eee ee 72 6 (9) 10 (2) 4 (7) 
WanoVanascnecclemc chia hen heh ees oe. 70 11 (4) 1 4) 
MOA Balarne Men raaes eee epee oe eee Lee 70 15 (8) 19 (4) 10 (4) . 
RIOERICUTAS Hes etree skeet cache eee 66 ile, (Gp) i/o (G0) 
Weras Data ce eotpoees Liisi o mer ey nea 66 39 (9) 44 (5) 26 (4) 
MO ACU AG eos re Bae er NTO fee oes Sears Se 58 6 (5) 6 (5) 
RY aADUCOAS REY SRE Laer ein eee 58 37. (5) 60 (2) 22 (8) 
ATECIDO Aa. 2et Mee ee ee niet ae 55 26. (16) 4" 69 (1) 33. (15) 
AER DIES Conon dba bor LAE RASS A ee 60 32 (9) 34 (8) 18 (1) 
Guayama-J osephay tira etenee rien nite cies 45 47 (4) 47 (4) 
JAITUITTE Sas ree Cree ne ree 24 45 (7) 50 (5) S42) 
Potala. ethene Ce en 27 37 (9) 44 (6) 24 (8) 
PONCE? ei ce sth Me Eee ee enh: 25 48 (8) 48 (8) 
Destino-oalinass.- pee ee eee eee nee 23 64 (5) tit, (8) 44 (2) 
Guayanilla (2 oe see cee EE ise 24 76 (5) 76 (5) 
Snvilsabel 2, s.tey: Cae Se oe er ee eee 22 72 (4) 78 (8) 46 (1) 
Gulanica: eae Tee ae ee eee nee er 21 66 (28) 68 (24) 31 (4) 


Nore.—Figures in ( ) after percentages indicate numbers of fields examined. 
1 Average of rainfall of haciendas, not of the town. 
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Mr. O. H. Swezey: Trichogramma has a short life cycle and in 
case the trash could be left a short time the adults would emerge. 

Mr. G. N. Wotucottr: In Porto Rico the cane and trash is burned 
immediately. 

VicE-PRESIDENT CooLry resumed the chair and called for the report 
of the committee on resolutions. 


REPORT OF COMMITTEE ON RESOLUTIONS 


Resolved, That the American Association of Economic Entomologists at its special 
summer meeting desires to voice its appreciation, first, to the authorities of the Uni- 
versity of California, for courtesies extended; second, to the Pacific Slope Associa- 
tion of Economic Entomologists and to the individual entomologists for their coép- 
eration; and, lastly, to Professor R. A. Cooley, for his able supervision at the ses- 
sions and for his timely address. 

E. A. Back, 

F. C. BisHopp, 

A. L. MELANDER, - 
Committee. 


By vote of the association the resolutions were adopted. 

VICE-PRESIDENT CooLEy: We will now listen to the report of the 
committee appointed to confer with a similar committee from the 
Pacific Slope Association of Economic Entomologists. 


REPORT OF SPECIAL COMMITTEE! 


Your committee, appointed to confer with a like committee from the Pacific Slope 
Association of Economic Entomologists with reference to an affiliation, recommend 
that that Association be affiliated as a branch association to be known as the Pacific 
Slope Branch of the American Association of Economic Entomologists and that the 
membership requirements, dues and privileges of its members be the same as for 
other members of this Association. 

It is further recommended that the following amendment to the constitution pro- 
viding for this change be adopted. 

That the words “Branch or” be inserted before the word ‘‘section”’ in line 2 of 
Section 1 of Article 3 of the Constitution. 

Respectfully submitted, 


Essia, 
Committee. 


After a general discussion it was voted that the report be accepted 
and that the recommendations be presented to the American Asso- 
ciation of Economic Entomologists at the next annual meeting. 


1As the members of the committee agreed on the matters under consideration, a 
joint report was submitted. 
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Before adjourning, the Secretary called attention to the fact that 
' the meeting had been favored with the presence of three past presi- 
dents of the Association and that this had added much to the occasion, 
also that it was an especial pleasure that Prof. Lawrence Bruner, who 
had recently been honored by his state as its most distinguished citi- 
zen, was present on this occasion. 
There being no further business the session adjourned at 5 p. m. 
R. A.. COOLeEy, A. F. Burasss, 
Vice-President. Secretary. 


GRYLLOTALPA GRYLLOTALPA LINN., THE EUROPEAN 
MOLE CRICKET IN NEW JERSEY 


By Harry B. Weiss, New Brunswick, N. J. 


During the early part of July, 1915, my attention was called to an 
underground insect which was cutting off the roots of various plants 
in a nursery at Rutherford, N. J. Upon making a search, a mole 
cricket considerably larger than our common but by no means abun- 
dant Gryllotalpa borealis Burm., was found to be responsible for the 
injury. Mr. J. A. G. Rehn, to whom a specimen was submitted, pro- 
nounced it Gryllotalpa gryllotalpa Linn., the European mole cricket. 
The infestation which is undoubtedly of several years’ duration, ex- 
tends over several acres planted to herbaceous and ornamental stock, 
a considerable portion of which is used for show purposes only. The 
soil is rather light and porous and contains a variety of shrubs, shade 
trees, evergreens, etc., such as one would naturally find in a nursery. 
No preference was shown by the cricket for any particular plant, its 
zig-zag burrows being found in different parts of the area irrespective 
of the kinds of plants growing there. | 

The insects were numerous enough for the nursery to detail several 
men to hunt them out and destroy as many as possible every few days 
and to sink empty flower pots in the ground, covenne them with boards, 
for trapping purposes. 

Malcolm Burr in his “Synopsis of the Orthoptera of Western 
Europe” records this species as occurring through Europe, and from 
Sweden to Spain, rare and local in England, abundant in France, often 
doing damage to gardens, common in Belgium. At Rutherford, where 
the insect was discovered, large amounts of imported stock are re- 
ceived every year. There were consigned to this locality during 1914, 
more than five thousand parcels of imported stock and during the 
spring of 1915, over two thousand parcels were received. The major- 
ity of this stock comes from Belgium and Holland and only a small 
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portion from France. Inasmuch as it is chiefly Holland and Belgian 
stock which comes over with soil around the roots and inasmuch as 
a porton of this is always planted temporarily in the now infested 
area, it is almost certain that the insect came from one or both of these 
countries. 

E. Bourcart in “Insecticides, Fungicides and Weedkillers” gives a 
short account of this species in which he states that it lives almost 
entirely on insects and their larve, cutting all roots that hinder it in 
its search for this food. ‘The winter is passed at various depths, de- 
pending upon the temperature and amount of moisture present. In 
the spring it ascends and excavates numerous runs within a few cen- 
timetres of the surface. Bourcart further states that it takes twelve 
years for the number of these insects to increase so far as to render 
culture impossible. The existence of each insect is three years, each 
female depositing two hundred eggs, but multiplication is compara- 
tively slow. 

Other European writers state that the food of the mole cricket con- 
sists largely of vegetable matter but all agree in that it is cannibalistic 
at times. According to Bastin, eggs are laid in a specially constructed 
chamber, the adult caring for them and feeding the young until their 
first moult, when the family disperses. 

Coming to remedies, Bourcart mentions the use of poisoned pastes, 
of maize, starch, water and phosphorus, being placed in the burrows 
and the openings closed. In Italy, liming at the rate of 16 cwt. to 
the acre is supposed to remove the crickets. Petroleum or a 25 per 
cent emulsion of petroleum poured into the burrows has also been 
used in Europe. Ratzeburg, in 1847, advised the injection of oil into 
the tunnels and afterward sprinkling the surface with water. Bour- 
cart also mentions the use of naphthaline in the ground as it is being 
tilled and also raking the soil until the surface is clean, then beating 
it and adding water if necessary. During the night the mole crickets 
dig new tunnels which are seen the next morning. These are opened 
with the fingers and tepid soapy water poured in. 

Worsham and Reed, in Bull. 101 of the Georgia Experiment Sta- 
tion on Scapteriscus didactylus Latr., advocate for that species the 
ploughing of breeding areas to destroy the eggs by exposing them to 
the sun, etc., light traps at certain seasons, compost heap traps dur- 
ing the winter, poisoned baits made of cottonseed meal and arsenicals, 
sulphur and naphthaline as repellants and the banding of individual 
plants by means of tin, paper or wire cylinders. 

The presence of the European mole cricket in New Jersey is simply 
an example of how impossible it is to keep out all foreign pests by a 
close inspection of foreign stock. No matter how careful the inspector 
is, something is bound to get by and cause trouble later on. 
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The California meeting shows that the term American has a vital 
meaning in the name of the Association and the action of the Pacific 
Slope Association of Economic Entomologists indicates a willingness 
on the part of the members of that organization to make the adjective 
under discussion thoroughly characteristic. It is by all means better 
to have one strong association providing adequate representation and 
opportunity for the varied interests and it is hoped that the prelimi- 
nary action of last summer may come to a successful fruition at the 
next annual meeting. Many problems are being studied under vary- 
ing conditions found in different parts of the country and it is most 
desirable that the strongest association of practical entomologists 
should be comprehensively American in its membership, and recog- 
nize, as it does in its foreign members, the great value of the work 
done in other countries. 

The report of the special summer meeting indicates an interesting 
and profitable gathering. It is regrettable that not more of the east- 
ern men could attend and secure for themselves every benefit to be 
derived from national sessions held in regions presenting not only 
peculiar but important entomological problems. There is much 
for the eastern man to learn from his colleagues of the West. Cali- 
fornia has led the way with county entomologists. It was within her 
boundaries that the utility of hydrocyanic acid gas for the fumigation 
of fruit trees was demonstrated, that the lime, salt and sulphur wash 
(primarily a sheep dip) was first applied to fruit trees and there also 
occurred a most striking demonstration of how insects may be used 
to control insects and the necessity of one insect to the production of 
an important fruit. These bright pages of entomological history 
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were written under the stimulus of specialization compelled by cli- 
matic and other conditions. It is not too much to suppose that the 
excellent work of earlier years has been continued and in due time 
will result in additional contributions of both scientific and practical 
value. The pages may not all be as optimistic as those alluded to 
above, nevertheless they may contain much of great importance and 
contribute materially to the welfare of the nation. There are many 
specialities in the far West, controlled by men of keen intellect, and 
he who fails to keep an eye on his brother of the Pacific Slope should 
not complain if he falls behind in the race. 


Obituary 
JOSEPH TARRIGAN MONELL 


JOSEPH TARRIGAN MOoNELL, prominent aphidologist and mining 
engineer, died at his home in St. Louis, Mo., May 9, 1915. He was 
born in St. Louis September 15, 1859, was educated at Smith’s Acad- 
emy and Washington University, from which latter institution he 
received the degree of mining engineerin 1881. Although his vocation 
was that of mining engineer, a profession which he practiced success- 
fully, he was from the age of fourteen an ardent student of nature, 
more especially entomology and botany and was a volunteer student 
under Dr. C. VY. Riley and under Dr. George Engelmann, the botanist. 
He was known among entomologists as an authority on the Aphidide, 
in which group he published several articles, his first contribution 
being published at the age of seventeen. Although he published 
nothing after becoming actively engaged in engineering work, he con- 
tinued his studies and was ever ready and willing to assist others. In 
his death entomology has sustained an irreparable loss. A widow and 
three children survive. 

Jd e 


Current Notes 
Conducted by the Associate Editor 


Instruction in beekeeping is soon to be given in the College of Agriculture of Cornell 
University. | 

Mr. A. H. Jennings, Bureau of Entomology, will be stationed in New York City, 
for some time, on mosquito work. 


Dr. W. E. Britton, state entomologist of Connecticut, gave an illustrated lecture 
at the New York Botanical Garden, August 14, on ‘‘ Fighting the Gipsy Moth.” 
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Dr. A. A. Allen has been appointed assistant professor of ornithology in Cornell 
University and will give new courses in the economic phases of the subject. 


Mr. Eric 8. Cogan of British South Africa is employed as a temporary assistant, 
Bureau of Entomology, and has been assigned to the Charleston (Mo.) laboratory. 


Mr. C. L. Scott of the Brownsville (Tex.) laboratory, Bureau of Entomology, is 
investigating the spread of the fall army worm (Laphygma frugiperda) in Texas and 
Louisiana. 


Prof. F. L. Washburn, state entomologist of Minnesota, gave an address on ‘‘ Prob- 
lems in Nursery Inspection,’’ before the American Association of Nurserymen at 
Detroit, June 23-25. 


Dr. W. D. Hunter visited Boston, Albany, and other points in the northeast, in 
connection with the work of the Horticultural Board, during the early part of July. 


Dr. Carlos J. Finley of Cuba, who thirty-four years ago claimed that mosquitoes 
were responsible for the transmission of yellow fever, died August 20, at eighty-two 
years of age. 


Dr. W. C. Gorgas, surgeon general, United States Army, was scheduled as one of 
the speakers before the American Public Health Association at Rochester, N. Y., 
September 7. 


According to Science, Dr. David Starr Jordan has recently been elected a member 
of the Royal Swedish Academy of Sciences at Stockholm, in appreciation of his work 
in zoology. 


The Dominion of Canada has appropriated $20,000 for entomology, and $100,000 
for the administration and enforcement of the destructive insect and pest act for the 
fiscal year of 1915-16. 


Dr. T. J. Headlee, state entomologist of New Jersey, and Mr. B. H. Walden, 
assistant entomologist of Connecticut, were speakers at an anti-mosquito meeting 
at Sachem’s Head, Guilford, Conn., August 14. 


At a recent meeting of the directors of the Florida Citrus Exchange resolutions 
were adopted heartily indorsing the work against citrous pests, conducted by Mr. 
W. W. Yothers of the Bureau of Entomology. 


Mr. Reuben Cox of the Mississippi Agricultural College has been appointed a 
temporary field assistant of the Bureau of Entomology and will work with Mr. D. L. 
Van Dine on the investigation of malaria mosquitoes. 


About thirty members of the Baltimore Beekeepers’ Club visited the apiary and 
_aboratory of the Bureau of Entomology at Drummond, Md., on Saturday afternoon, 
July 24. Various demonstrations were arranged for them in the apiary. 


According to Science, Mr. Charles P. Lounsbury, chief entomologist of the South 
African Union, who has been visiting Australia, was expected to reach San I’rancisco 
about September 1, and to spend several months in the United States. 


Dr. A. L. Quaintance, Bureau of Entomology, recently visited field laboratories at 
Winchester, Va., North East, Pa., and Benton Harbor, Mich., for the purpose of 
conferring with men in charge of stations regarding work under way and contem- 
plated. 
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Mr. V. G. Stevens of Leland Stanford Junior University, Cal., has been appointed 
as a field assistant in the Bureau of Entomology for the purpose of assisting Mr.W. 
M. Davidson at Walnut Creek, Cal., in investigations of the grape Phylloxera. 


Mr. F. C. Craighead, Bureau of Entomology, recently spent about a week in 
Tyrone, Pa., in the study of insects affecting a plantation of poplar trees and the 
making of general observations on insects affecting forest and shade trees. 


It has been announced in Science that the medal and grant for 1915 of the South 
African Association for the advancement of Science have been awarded to Mr. C. P. 
Lounsbury, chief of the Division of Entomology, Union Department of Agriculture. 


Mr. W. D. Pierce, Bureau of Entomology, spent the latter half of July in deter- 
mining the status of the boll weevil in the region first invaded during the fall of 1914, 
and in visiting the laboratories at Clarksville, New Orleans, Thomasville, and Bates- 
burg. 


Mr. G. N. Wolcott of the Porto Rico Board of Agriculture was in Washington on 
July 27. He will attend the meetings at San Francisco and in the fall will spend 
some little time as a collaborator at the laboratory investigating sugar-cane insects 
at New Orleans. 


In the August issue of this JouRNAL occurs a note copied from Science regarding 
the death of Joseph Farrigan. The name is an error and the note refers to the death 
of Joseph Tarrigan Monell. More information is given in the obituary notice on 
another page of this issue. 


Mr. Dwight Isely, Bureau of Entomology, working on grape insects at North East, 
Pa., is visiting the Benton Harbor (Mich.) laboratory for the purpose of making 
observations on the grape-berry moth in that region. Upon completion of his tn- 
vestigation he will return to his headquarters at North East, Pa. 


The American Medicine Gold Medal has been awarded to Surgeon General Rupert 
Blue of the Public Health Service, as the American physician who has done most for 
humanity in the domain of medicine during 1914. Dr. Blue was placed in charge of 
eradicating the bubonic plague from San Francisco in 1907. 


The squash lady bird (E'pilachna borealis Fab.) was reported as being very injurious 
during the last week of July to squashes in and near tidewater Virginia, where it has 
also been rated a pest of great importance in certain years. It will be interesting to 
know if this species causes such injury elsewhere. 


According to Science, Edgar M. Ledyard, formerly assistant professor of entomol- 
ogy in the University of the Philippines, who has spent the last year in research work 
in the laboratory of parasitology of the University of California, has been appointed 
director of the Agricultural Department of the United States Smelting Company, 
Salt Lake City, Utah. 


A circuit of beekeepers’ meetings is to be held in the Middle West in December, 
ten associations meeting in succession. The object of this plan is to enable speakers 
and exhibitors to attend with the minimum expense and time. Meetings will be 
held in Ohio, Indiana, Illinois (2), Missouri, Kansas, lowa, Minnesota, Wisconsin, 
and Michigan. 


5 
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An outbreak of unusual severity of the onion thrips was reported to the Bureau of 
Entomology in Marshall County, Indiana, and vicinity, during July. The localities 
from which these reports emanated included Donaldson, Grovetown, Hamlet, 
Walkerton, and Plymouth, and our correspondents stated that the thrips seriously 
threatened the onion crop over a very considerable acreage. 


Dr. A. H. McCray, Bureau of Entomology, is now stationed at the Drummond 
laboratory. He is continuing the work of examining samples of diseased brood sent 
in for determination, and is also taking up some new lines of investigation of bee 
diseases. Dr. McCray received the degree of doctor of medicine from George Wash- 
ington University in June. 


Prof. Wilmon Newell has resigned his position as state entomologist of Texas. 
and professor of entomology at the Texas A. & M. College, to accept the position - 
of state plant commissioner of Florida. As commissioner he will have charge of the 
work of citrus canker eradication and general supervision of the state work in ento- 
mology, plant pathology and nursery inspection, with headquarters at Gainesville. 


The Colorado potato beetle, as has previously been announced, has been discov- 
ered at work on the Pacific Coast in the state of Washington. It has also been 
known to occur in Idaho for some time and it is invading new territory in Arizona 
and probably New Mexico. Agents and correspondents are urgently requested to: 
report the occurrence of this species in any suspected new locality. 


Mr. R. I. Smith, formerly of the North Carolina Experiment Station, but recently 
located in Porto Rico, has been appointed a quarantine inspector by the Federal. 
Horticultural Board. He assumed his duties on August 16 and is stationed at Boston. 
to have supervision over the imports of foreign cotton, and the erection of the fumi- 
gating plant which will probably be established at that place by the Ist of January. 


Prof. Lawrence Bruner, state entomologist of Nebraska, professor and head of the 
Department of Entomology in the University of Nebraska, was selected by a com- 
mittee, as Nebraska’s most distinguished citizen, to attend the Panama-Pacific 
Exposition as guest of honor on August 19. At a luncheon given in his honor Pro- 
fessor Bruner was the recipient of a medal, presented by the exposition, bearing the 
inscription, ‘‘ Professor Lawrence Bruner, Distinguished Citizen of Nebraska.” 


Aphides and flea-beetles have been very destructive in the vicinity of the District. 
of Columbia, Maryland, and Virginia, but owing to adverse weather conditions, 
especially droughts followed by rain storms, experiments employed to test remedies: 
have been unsatisfactory. Aphides of many species apparently entirely disappeared 
toward the end of July but some have reappeared in slight numbers. Ladybirds. 
have been extremely active as checks; so much so that there appears to be no food 
left for them. 


Although the Lyctus powder-post beetles, and especially their work, are well known, 
their biology, and particularly their method and place of oviposition, have remained 
obscure. During the past month Mr. T. E. Snyder, Bureau of Entomology, has 
concentrated his efforts on securing thisinformation. After considerable painstaking 
work his efforts were crowned with success. He observed the beetles in the act of 
oviposition and located the eggs, which he found of unusual type for Coleoptera. He 
is now working out a full seasonal history of the insect. © 


In the Bureau of Entomology Dr. Hopkins’ long official title of ‘‘entomological 
assistant in charge of forest insect investigations’? has been changed to the more 
appropriate title of ‘‘forest entomologist.’’ Likewise the titles of H. E. Burke, J. M. 
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Miller, Josef Brunner, W. D. Edmonston, T. E. Snyder, F. C. Craighead, and A. B. 
Champlain are now changed to read assistant in forest entomology. Similarly, the 
official titles of S. A. Rohwer, W.S. Fisher, Carl Heinrich, C. T. Greene, and A. G. 
Béving were changed to specialist on forest Hymenoptera, forest Coleoptera, forest 
Lepidoptera, forest Diptera, and coleopterous larve, respectively. 


Excellent success has been reported from the use of the poisoned bran bait against 
grasshoppers from the West Springfield (Mass.) laboratory, Bureau of Entomology, 
where large areas along the Merrimac and Connecticut Rivers have been cleared of 
grasshoppers, 95 per cent having been killed at an expense of from 7 to 10 cents per 
acre. Equally good results have been secured in California by Mr. Urbahns, of the 
Pasadena laboratory, and also equally satisfactory results have been obtained at 
Fellsmere, Fla., by Mr. R. N. Wilson of the Gainesville (Fla.) laboratory. These 
three separate results were obtained from work carried out against entirely different 
species. 


There has been a severe outbreak of the three-lined blister beetle (EH picauta lemnis- 
cata Fab.) in Louisiana. It has attacked principally potato and tomato. The first 
record of its occurrence was on May 17, when the beetles were reported stripping 
plants in parts of fields of Irish potatoes. On tomatoes they work in the same 
manner, doing much damage to young plants. At Jeffris, they were reported May 
21 to be doing great injury. A correspondent wrote that they destroyed acres of 
potato vines and that no crop resulted and that they were seriously handicapped, 
since unless the insects could be controlled it would be useless to plant Irish potatoes 
in that vicinity. Mr. Thomas H. Jones, Bureau of Entomology, reported that the 
favorite food plant was the spiny amaranth (Amaranthus spinosus), and where this 
weed was growing between the cotton rows it was attacked to a small extent. 


The entomological collection of the Bureau of Science at Manila has been trans- 
ferred to the University of the Philippines, and is now located in ample quarters at 
the College of Agriculture, Los Banés, Laguna, P. I., 65 kilometers from Manila by 
railroad. This collection, which contains most of the types of Philippine insects, 
described by European and American specialists during the past twelve or thirteen 
years, and containing, at present, more than 300,000 pinned specimens, together with 
alcoholic and biological material, will be materially increased in value by the collecting 
of faculty and students in the exceedingly rich faunal regions of Los Banos, Mt. 
Maquiling and Mt. Banahao. Mr. Charles S. Banks, associate professor of ento- 
mology and chief of the department, writes that entomologists visiting the Philip- 
pines will be cordially welcomed to the laboratories and every facility for 
comfort will be placed at their disposal. 


Scientific Note 


The Corn-silk Beetle, Luperodes varicornis Lec., and its Control. About 
July 1, 1915, the small Chrysomelid beetle, Luperodes varicornis, appeared in enor- 
mous numbers in many corn fields of several counties in Mississippi. One corres- 
pondent wrote: “They attack the corn, completely eat the silk entirely back to the 
grain. Several hundred may be picked from one ear of corn.’’ Another corres- 
pondent sent in a bottle containing ninety-four beetles which he said had all been 
taken from the silk of one ear. R. L. Saxon of Franklin County, Mississippi, esti- 
mates that one third of the corn crop in that vicinity had been lost because of the 
work of the beetle. The silk is eaten just as it grows out from the ear and 
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while it is fresh and succulent. The ears of the injured corn have the appearance of 
having had the silk cut off as by a knife, the feeding is so even and smooth. The 
beetle caused serious losses on many farms. 

As the Luperodes beetles congregated only on the silk at the ends of the ears, and 
as the plants were in most cases at least eight to ten feet high with the ears five or 
six feet from the ground, difficulty was at first encountered in properly applying 
arsenical poisons. D. L. Williams of Rankin County, Mississippi, deserves credit 
for devising a very satisfactory method of applying the arsenicals for these beetles. 
He filled an ordinary ‘‘taleum powder” can with Paris green and while walking be- 
tween the rows of corn stopped at each plant just long enough to shake the poison 
directly upon the silk. In this way none of the Paris green was wasted and it fell 
just where it was needed. The corn was treated rapidly as one man covered a num- 
ber of acres each day. Mr. Williams stated that the men applying the Paris green 
walked at a slow steady gait. It required just one shake of the ‘‘taleum powder’’ 
can at each plant. In the fields that were treated in this manner, relief from these 
beetles was immediately obtained. Untreated fields were much more seriously 
damaged, as the beetles remained on the plants and continued to eat the silk as fast 
as it grew out from the ears. 

All of the records we have of this species show that the beetles appear in injurious 
numbers about July 1 in the Gulf States. Some years no complaints are received 
and it is frequently a minor pest of cotton, devouring both the leaves and blossoms. 
In 1905 in his Monograph of Insect Injurious to Indian Corn, Professor 8. A. Forbes 
wrote in regard to this beetle that ‘‘Its life-history is unknown.” If anyone has 
learned anything in regard to the life-history of this species, it should be published. 

R. W. Harnep, Agricultural College, Miss. 


TWENTY-EIGHTH ANNUAL MEETING AMERICAN ASSOCIATION OF 
| ECONOMIC ENTOMOLOGISTS 


The twenty-eighth annual meeting of the American Association of Economic 
Entomologists will be held at Columbus, O., during the Christmas holidays. Members 
will be duly notified of further details concerning the meeting and of arrangements 
for hotel headquarters and railroad rates. 

At the annual meeting action will be taken on applications for membership in 
the Association and blank forms for making application for membership can be 
secured from the Secretary or from Prof. Wilmon Newell, Gainesville, Fla., who is 
Chairman of the Committee on Membership. It is particularly requested that 
parties desiring membership should file their applications, properly made out, as 
early as possible so as to facilitate the work of the:Committee on Membership at 
the time of the meeting. 

A. F. Burcsss, Secretary. 


Mailed October 15, 1915. 
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THEORY OF TOXICITY 


By C. W. WoopwortH 


The most important work to be done in Economic Entomology is 
to lay a foundation of sound theories. The necessity of such work is 
well shown in the progress of fumigation where, for instance, the orig- 
inal publication ! contained tables of dosage calculated on the assump- 
tion that the dose should be determined in proportion to the volume, 
and this erroneous theory still influences the thoughts of entomol- 
ogists, though discarded from the first in actual practice. Again, when 
a careful study of the actual doses used for different sizes was made,? 
showing that the area of the tent corresponded much more closely 
than volume to the practice of fumigators, there was a universal 
adoption of this basis of calculation upon the erroneous theory that 
such a table correctly compensated for leakage. The only way a 
correct compensation can be secured is to measure the amount of leak- 
age, which is now a very simple matter,’ and then to use tables cal- 
culated for the various degrees of leakage.* 

Each step in this progress was accomplished by efforts directed to- 
wards correcting the theory, and required the accumulation of a 
very large volume of data, since there are so many unknown variables 
that individual experiments are entirely unreliable. Many thousands 
of determinations were made in the study of leakage referred to above, 
and a series of 40,000 lots of scale insect eggs were used in obtaining 
the data discussed below. This quantity was not great enough to 
eliminate all the irregularities in curves shown in plate 28, but is 
without doubt the largest volume of laboratory data ever secured 


1 Bulletin 71, California Agricultural Experiment Station. 
2 Bulletin 152, California Agricultural Experiment Station. 
8 Circular 75, California Agricultural Experiment Station. 
_ 4Journ. Econ. Ent., Vol. iv, pp. 376-380. Bull. 220 and 257, California Agricul- 
tural Experiment Station. 


Plate 28 
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in any similar investigation and gives results of a very dependable 
character. The methods of study have already been described else- 
where,! and it will only be necessary to explain that this study presents 
the result of 200 sets of experiments, each set consisting of simulta- 
neous determinations for each of the 100 points on the diagram, made 
with special care to insure that all the data in each set shall be com- 
parable. - 

Each curve represents the percentages of the lots which failed to 
hatch after treatment in a certain density of gas through exposure for 
varying intervals of time. These intervals range from five minutes 
to five and one quarter hours. The intervals indicated by the vertical 
lines are in geometric progression. The horizontal lines represent the 
number of lots giving no hatch. 

The strength of dose doubles towards the upper end of the table 
for each line, the topmost line being 512 times as strong as the weak- 
est, which is dotted on account of its somewhat erratic position. 

Seven theoretical curves are drawn which correspond very closely 
with the experimental data and show that very complex relationships 
exist. It is likely that the same facts will be found true for other 
insecticides and that we can establish, at least as a working hypothesis, 
the series of toxic phases shown on the diagram, with the definite 
relationships there indicated. These phases are as follows: 

THE PRELIMINARY CURVE in which the toxicity is directly propor- 
tional to an increasing geometric series of time intervals, and for the 
stronger doses, is also directly proportional to an increasing geometric 
series of concentration intervals. 

THE Deviation LINnzE is the center of a very evident zone where 
the toxic curves diverge. It seems to be inversely proportional to 
the toxicity during the preliminary period; that is, the less the killing 
the longer the interval, the increase of time corresponding with a de- 
crease of dose being in geometric ratio and, therefore, making a 
straight line where the time intervals are plotted as in this chart. 

Tue AcuTE Curve represents a different physiological action of the 
eyanid, possibly directly upon the nerve centers. It is a more abrupt 
and much longer continued action in the lower concentrations of the 
poison, resulting in a far greater difference in the time required to 
complete the action than in percent that finally dies. The propor- 
tional rate of killing during this acute phase is identical for all con- 
centrations, the greater killing for low concentrations depending solely 
upon the longer time of action. 


1 Science, Vol. xli, pp. 267-269, and Report California Agricultural Experiment 
Station for 1914, pp. 114-116. 
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THE COMPROMISE CURVE is well shown in the fifth curve. Here the 
direction of the curve seems to be the result of two forces and might 
easily occupy any one of a great range of positions according to the 
relative power of the two influences. As shown in the diagram it is 
very closely half way between the Acute curve above and the Stimu- 
lation curve below. 

THE STIMULATION CURVE represents a benign effect of cyanid. The 
fact that there is such an action in the case of this chemical has al- 
ready been pointed out.1 These curves show, in this case, that more 
than half of the lots of eggs that would have failed to hatch under 
normal circumstances have been made to hatch by the long continued 
action of the cyanid. The beginning of this stimulative effect has the 
same relation to the deviation line that the Acute curves show, and 
the rate of stimulation is similar but in an opposite direction, suggest- 
ing that the same causes are responsible in both cases. There must 
be profound physiological changes which are essentially beneficent 
but violently poisonous when carried to excess. 

THE CriticAt LINE represents a second evidently significant physi- 
ological crisis, bearing the same quantitative relationships with the 
concentration of the gas as the deviation line but with a greater time 
factor, though qualitatively indentical. It measures the culmination 
of the violent action of the poison and the beginning of the recovery. 
Those not dead at this time have a fair chance of survival. Perhaps 
the production of antibodies provides for the reduction of the quantity 
of poison within the body. 

The method of plotting the results of experiments of this kind should 
be such that the irregularities at the two ends of the curves shouldbe ~ 
approximately of equal magnitudes, for in this way one will give 
proper weight to all the data. | 

This was done in the present case, the time intervals being arranged 
logarithmically. The fact that by this arrangement the deviation 
and critical lines are straight indicates that in general the phenomenon 
occurs in proportional rather than in consecutive intervals. 

The theory of toxicity which this study enables us to put forward 
is (1) that there are three separate effects produced by a poison de- 
pending on its concentration; (2) that there is a line of deviation be- 
yond which their characteristics become most evident; (3) that acute 
poisoning reaches a crisis after which the rate of death rapidly declines, 
and (4) that these phenomena exhibit a series of very definite mathe- 
matical relationships. 


1 Science, Vol. xli, pp. 267-269. 
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A NEW MIXTURE FOR CONTROLLING WOOD-BORING 
INSECTS—SODIUM ARSENATE-KEROSENE EMULSION 


By F. C. CratcHeapD, Branch of Forest Insects, Bureau of Entomology, United 
States Department of Agriculture 


During the past summer different substances were tried in an 
_ effort to kill wood-boring insects, such as Goes (work similiar to 
Prionoxystus) and Cyllene pictus. In view of the discovery by Dr. 
A. D. Hopkins that kerosene was effective on the locust borer (Cyllene 
robinie), this substance, kerosene emulsion, and carbolineum, were 
tried but proved of little value in these cases. The kerosene emulsion 
penetrated the wood and galleries but seldom was in quantity enough 
to kill the larve. | 

The idea occurred to poison the emulsion so that as it penetrated 
to the insects and they attempted to bore further, the poisoned wood 
would kill them. A soluble arsenate, sodium arsenate, was tried 
mixed with the water to be used in making the emulsion. A 5 to 10 
per cent arsenical solution was used but it is probable that a much 
weaker strength will answer. The results were highly successful in 
all trials. 

The same penetrative properties of the kerosene are retained, 
quickly soaking in several inches in seasoned wood and in living 
‘and seasoned wood through the frass in the larval mines often to a 
distance of ten to twelve inches. 

Tests made on Goes mines in living trees showed that by painting 
the holes where the boring dust is exuded this solution quickly ascends 
along the sides of the burrow and through the frass, killing the larve 
in a few days. Hickory logs heavily infested with Cyllene pictus 
were washed with this solution, sponging it on the bark with a piece 
of cotton. In four days’ time all the larve were killed and many 
_ had turned black. Mr. T. E. Snyder tested it on powder post beetles 
in seasoned hickory and oak. A week to ten days after one application 
all the larve were killed. Many were one and one-half to two inches 
in the wood. 

As a preventative for wood borers, in construction timber, it has 
not been tested, but will no doubt give good results where the lumber 
is not exposed to severe weather conditions. Should the kerosene 
evaporate, the arsenic would remain deep in the wood unless leached 
out by contact with water. 
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NOTES ON ICHNEUMON LATUS BRULLE! 


By Harry H. Knicut 


While breeding parasites from the army-worm (Leucania unipuncta 
Haworth) during the summer of 1914, males of Ichnewmon lectus 
Brullé were bred in considerable numbers from the pupsz. The 
parasites began to emerge August 15 and continued to appear during 
the week following. By August 24 females of Ichneuwmon funestus 
Cresson and Ichneumon canadensis Cresson began to emerge from the 
pup. On August 25 a male of J. letws was observed to copulate with 
a newly emerged female of I. funestus. The female was resting on an 
oat straw when the male approached from in front (PI. 29, fig 2), 
grasped her quickly by the legs, and at the same time thrusting his 
abdomen below and clasping the ovipositor with the tip of the abdo- 
men. Copulation was observed three different times and in each 
case it lasted about one-half minute. 

In rearing specimens it was noted that the abdomen of certain fe- 
males was entirely ferruginous at emergence and then after a few hours 
acquired the black coloration at the base of the segments. J. cana- 
densis and I. funestus are separated on the basis of the presence or 
absence of black at the base of the abdominal segments. A series of 
specimens shows a gradation of forms from the typical canadensis 
to funestus. From these observations it appears that they are females 
of the same species. The female of J. letus and the males of [. 
funestus and I. canadensis have heretofore remained unrecognized. 
Brullé (1846) described J. lwtus from a male. In a note following the 
description a female is mentioned and certain points of difference are 
described. Evidently this female was some other species for both 
Provancher and Cresson were unable to recognize the female of J. 
letus. Say, in 1835 described the male lwtus but instead of giving it 
a new name he referred to it as being the male of a previously described 
species, [chneumon paratus Say. 

It may be concluded from the foregoing breeding experiments that 
I. canadensis Cresson and I. funestus Cresson are females of Ichneumon 
letus Brullé. Since [chnewmon letus Brullé has priority over Cres- 
son’s species the latter must be considered synonyms. 

The males of I. latus have been taken during the winter months in 
decaying logs. On a warm day last December the writer took a male 
specimen on the walk in front of the Cornell Insectary. On March 
14, 1915, some twenty specimens, all females, were found hibernating 


1 Contribution from the Department of Entomology of Cornell University. 
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Ichneumon lztus 
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in a group about eight inches from the surface in a gravel bank. This 
lot of specimens gives a series showing both the canadensis and funestus 
forms. The abundance of the species at this time is undoubtedly 
due to the unusual numbers of the army-worm during the past summer. 

My thanks are due Dr. J. C. Bradley who gave much assistance in 
the determination of specimens. 


Synonomy oF Ichneumon letus Bruit 


1835. Ichneumon paratus Say. (male only). 
Bost. Jour. Nat. Hist., I: 228 (LeConte ed.) 

1846. Ichneumon letus Brullé (male only). 
Hist. Nat. Ins. Hym., IV: 303. 

1864. Ichneumon funestus Cresson (female). 
Proc. Ent. Soc. PhiJ., III: 166. 

1869. Ichneumon canadensis Cresson (female). 
Trans. Am. Ent. Soc., 1: 308. 

1875. Ichnewmon hoesitans Provancher (female). 
Nat. Can., VII: 80. 

1877. Ichnewmon hoesitans Prov. =funestus Cress. 
Cresson, Trans. Am. Ent. Soc., VI: 179. 


EXPLANATION OF PLATE 29 
Fig. 1. Pupa of army-worm showing the parasite before emerging; male (center) 
and female of Ichnewmon letus. 
Fig. 2. Male of J. letus approaching the female. 
Fig. 3. Male and female cleaning antenne and wings. 


SOME NOTES ON THE WESTERN TWELVE-SPOTTED AND 
THE WESTERN STRIPED CUCUMBER BEETLES! 


By Re. Aw SELi 


THE WESTERN TWELVE-SPOTTED BEETLE (Diabrotica soror LECONTE) 


The western twelve-spotted beetle (Diabrotica soror Lec.) is often 
called ‘the western flower beetle” because it is so frequently seen on 
flowers. Terming it simply “the diabrotica’’ as they do in some parts 
of California is not satisfactory, for the danger of confusing it with 


1 This article contains an outline of an investigation made under Mr. E. O. Essig 
at the University of California during the summer of 1915 (June 20 to August 30). 
Many difficulties were encountered in the work on Diabrotica soror Lec., so that the 
paper is for the most part a preliminary survey. With Diabrotica trivittata Manner- 
heim it was very different since every observation tended to strengthen the belief 
that it differs very little from Diabrotica vittata Fabricius of the Middle and Eastern 
States. Diabrotica soror Lec. has very little in common with either of the striped 
forms. 
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other forms, as the striped cucumber beetle (Diabrotica vittata Fab.) 
or the painted cucumber beetle (Diabrotica picticornis Horn), is appar- 
ent. In some parts of the country the corn root-worm (Diabrotica 
duodecumpunctata Oliv.) is styled “the diabrotica.’’ As a popular 
name “the western flower beetle”’ is fairly satisfactory, for, while it 
may attack the leaf, the stem or the fruit, it shows a decided preference 
- for the flowers. 

FrrepinGc Hapits. ‘The insect feeds upon many different kinds of 
plants; its choice depending upon the locality, the season, or the stage 
in its life history. In the vicinity of Berkeley it feeds to some extent 
upon more than five hundred varieties of plants and it is positively 
harmful or highly destructive to at least one hundred of these. 

The flora of this region is especially rich; the range of plant life from 
the crest of the Berkeley Hills to the bay is very extensive, and the 
University of California, through the departments of Botany, Agri- 
culture and Landscape Gardening, has introduced various forms of 
plants from South America, Africa, China, Japan, Australia, Ceylon, 
Russia and other foreign countries. Counting the native plants, the 
cultivated plants and those plants that have been introduced for experi- 
mental and ornamental purposes they would number several thousand. 
The following is a list of fifty of the more common and more generally 
distributed plants upon which the soror feeds: beet, bean, pea, mar- 
guerite, nasturtium, rose, holyhock, cucumber, pumpkin, muskmelon, 
watermelon, poppy, alfalfa, sweet corn, potato, pepper, artichoke, 
tobacco, radishes, mustard, clover, lettuce, eggplant, parsley, plum, 
apple, pear, peach, cherry, currant, canna, dahlia, foxglove, dandelion, 
pinks, peony, violet, aster, buttercup, sunflower, black-eyed-susan, 
primrose, bleeding-heart, lily, EN LRS OB thistle, verbena, morning- 
glory, wistaria, dog-fennel. 

Its work on cultivated flowers is very noticeable, for it makes un- 
sightly holes through the petals and destroys their beauty, but it is no 
less destructive to the essential organs for it may eat the upper part of 
the pistil (stigma), dig into the ovary or attack the anthers. Since it is 
especially fond of pollen and nectar it can frequently be found in a 
flower doing no apparent damage. 

By gnawing holes through the thin and tender parts of the leaves it 
destroys the foliage and causes a loss of the sap, which is the life blood 
of the plant, besides interfering with photosynthesis or starch making, 
a vital process of the plant, and making a way for fungus diseases to 
attack the injured part. 

It sometimes attacks very young cucumbers or muskmelons, the 
pods of young beans, cauliflower, and the fruits of eggplant and even 
tomatoes. 
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A study of the feeding habits of this insect is interesting. It will not 
eat just any plant and must become adapted to a change of food. 
Even when confronted with starvation a number of them would not 
eat the leaves of mullein, thistle, artichoke, pond rushes, dog-fennel, 
onion tops, red oak, chestnut, maidenhair, pine, spruce or cottonwood. 
From a diet of beet leaves they did not take readily to eating leaves of 
maple, peach, plum, cherry, gooseberry, currant, potato or tomato, 
but finally developed an appetite for them. 

After a pair had been fed on beet leaves for several days prickly 
lettuce was substituted. They did not eat it for two days, then, after 
a period of six hours from the time they had eaten rather heartily, the 
male died. In the field prickly lettuce is a perferred host plant of 
great numbers. 

Another pair that had been eating beet leaves were fed apricot 
peelings. They began eating before night but died the next day. 

Ten beetles were fed on beet leaves for six days. After being with- 
out food for one day they were given apricot peelings. Six of them 
died but the other four adapted themselves to the change of diet. 
After the university had received information of damage to potato 
tops some experiments in adapting beetles to this food were attempted. 
Twenty-five beetles that had been eating beet leaves were fed potato 
tops. At first they would not eat and two of them died. In four 
days the others had become accustomed to the change. ‘Then they 
were also given beet leaves but they preferred potato tops. When the 
potato tops were removed they fasted one day and then resumed the 
beet leaf diet. None of them died. 

Fifty beetles, taken in a beet patch, were fed potato tops. The 
second day they began to eat and two of them died. After they had 
been eating well for three days they were fed beet leaves which they 
would not eat at first. In two days they had adapted themselves to 
the change. 

Under certain conditions this species would eat some part of the 
flower or fruit of every plant upon which it was observed during the 
entire period of this investigation. 

Occasionally one of the beetles was found in a colony of aphids, 
walking around among them and gathering up the honey dew but it 
did not seem to be guided by a sense of smell since numbers of them 
did not congregate around the bait. 

Firtp Hasits. In order to study the range and field habits of 
this insect large numbers of them were marked by painting with a 
brush and ink. Several kinds of ink were tried with variable results. 
- White ink and black India ink were fairly successful but red India. 
proved to be the most satisfactory.. 
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Of fourteen beetles marked June 24 from five to ten of them were 
seen each day until July 1 when eleven were marked. From July 1 
to 9 four to fourteen of the twenty-five were seen each day. Of fifty 
beetles marked July 9 six to twenty-eight were seen each day until 
July 23. About July 12 great numbers of smaller, more active, light 
green beetles appeared, which could be readily distinguished from the 
prevailing form. Of fifty light green beetles marked July 15 one to 
four were seen each day until July 23. Of fifty light green beetles 
marked July 22 the record was: 23d four, 24th one, 25th none, 26th one, 
27th none. 

One male beetle was ee every day on a canna for twenty days. 
Two females were found on a beet plant every day for eleven days. A 
beetle will leave and return to a favorite plant from day to day where 
it will frequently spend the night. All the beetles became active 
about July 20. It was found by marking a large number that they 
came from the Berkeley Hills down into Berkeley and Oakland. 

It seems that there is a period of comparative rest, followed by a 
period of great activity. Each of these periods must have a definite 
relation to some stage in the life history of the insect. 

Enemigs. The tachina fly (Celatoria diabrotice Shim., Celatoria 
crawii Coquillett), mentioned by Mr. Coquillett as one of the natural 
enemies of Diabrotica soror Lec., was not very common in this section 
of the country this year, for less aan twenty examples of it were noted 
among several thousand beetles. 

A spider, unidentified at this time, killed a few of the beetles. 

The only birds observed actually eating these insects were the purple 
finch, the bush-tit, the linnet and the canon wren. 

Cotor Puases. On the 20th of June these beetles were ae very 
plentiful. Their wing covers were the normal leaf- -green and the bodies 
of the sexes were very much alike. By July 12 two color phases could 
be detected in the field—the normal light green and a yellowish green. 
By August 1 a third color phase could be detected—a pale faded green. 
The latter was an old-age type for they soon died. But whether or 
no it had passed through the other phases of normal green and yellowish 
green, or represented a frail generation, is an unsettled question. 

Eees. During the mating season females are very heavy with eggs 
and the abdomens of the males are somewhat enlarged. It appears 
that the eggs are rather completely developed before mating takes 
place. At this stage the beetles are ravenous eaters and will stay with 
one plant almost continuously, seldom leaving it. When attacked 
these heavy forms simply let all holds go and roll down among the 
leaves. If they fall to the ground they immediately begin to ascend 
the plant as if anxious to get back to the feeding place. Before the 
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mating period they either fly or attempt to conceal themselves on the 
ground. 

The eggs are oval with rounded ends and are rather large for the 
size of the adult. They are light lemon-yellow and almost trans- 
parent. A typical cluster contains four or five. Being rather frail 
and adapted to moist soil and the surface of the growing plant, they 
will dry up when exposed to the air. 

A number of egg-laying records were kept. The following record 
of a female, placed in confinement with a male June 24, 1915, is a 
typical example: 


June 24, placed in confinement, one female and one male. 


J0LLS 7 TS) eae eer See a beng ar Ae ER ae NCU Oe 62 eggs deposited. 
PUL Tas. 2 25 2/6 eosin en 4 eggs deposited. 
AJDE. 'D . . - cot oltS'p Dien cas 5 oie eres One en 61 eggs hatched. 
Fa ea ee Ec. SE ee tg ee as Coden bc ate ehelala ds 48 eggs deposited. 
Rabe ONE ede Se! cons aK SP Aes Gl tae Mie k cape na wale dea female died. 


The first sign of hatching is a dark spot near the end that is attached 
to the plant. Asit develops the shell is rounded out, thereby tending 
to make the egg shorter and thicker but, as the other eggs are next to 
it, there are some indentations making it conform to the crowded con- 
ditions. 

ReMeEpDiges. Arsenate of lead spray (one ounce arsenate of lead, one 
gallon water) will kill some beetles and act as a repellent for a few days 
after itis used. In the experiments tried it killed less than 9 per cent, 
but it almost relieved the plants from attack for three days. 

Bordeaux mixture (unslacked lime 4, copper sulphate 4, and water 
50) was tried. It killed 12 per cent in confinement, but in the field it 
was not as good a repellent as the arsenate of lead spray. 

Some experiments were made with a poison bait spray that seems to 
indicate a remedy worth while, but the data are by no means complete 
as to how it would work under ordinary field conditions. 


THE ISIE STRIPED CucUMBER Bretie. (Diabrotica trivitiata 
MANNERHEIM) 


The western striped cucumber beetle (Diabrotica trivittata Mann.) is 
found with the western twelve-spotted cucumber beetle (Diabrotica 
soror Lec.) on pumpkins, cucumbers, squashes, muskmelons, etc., but 
it is of comparatively small importance. It is closely related 6 the 
striped cucumber beetle (Diabrotica vittata Fab.) and its habits and 
life history, so far as they have been observed, are identical, with two 
exceptions: first, in this locality its feeding habits are more general 
and, second, it has two generations In a season. 
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On the “Island Farms” at Alameda the work of the larve upon 
the roots of the cucumber plants was identical with that of the striped 
cucumber beetle (Diabrotica vittata Fab.) in Minnesota. 

The adults are not usually of sufficient importance to demand reme- 
dial measures, but the larve will destroy a patch of cucumbers in a 
very short time. Eggs are deposited about two inches below the 
surface of the soil on the tap root of the plant. When they hatch the 
young larve begin working upwards on the root-stalk and appear above: 
the ground in two or three days. Soon the flat sides of the stalk near 
the corners begin to turn white and the leaves nearest the roots show 
a white border; then the whole plant begins to wither, the small cucum- 
bers curl and assume awkward shapes, and, if the insect continues, the 
plant dies. 

Tobacco extract, nicotine, is a successful remedy. Various forms: 
of this extract may be had at the drug store, at about two dollars per 
pound for 40 per cent solution. Counting one teaspoonful of the 
solution to a gallon of water, a pound can will be sufficient to treat: 
one thousand hills and a man can treat fourteen hundred hills a day. 

When the larve appear on the stalk, just above the surface of the 
soil, take a narrow half pint cup and pour the solution carefully against 
all sides of the stalk in such a manner that it will run down. The 
solution will kill the larve without touching them, but the burrows in 
the stalk may be very deep—the larve will finally work to the pith— 
in which case a quick splash of the liquid into the burrow would be 
most likely to kill the insect. Everything depends upon the way in 
which the liquid is applied. Care and judgment are equally demanded. 
A good way is to squat down with the cup of liquid in one hand while 
_ keeping the other hand free to carefully move the plant that there 
may be no guess work about where the insect is working and that the 
liquid may be poured in the right place. 


Department of Entomology, University of California, 
Berkeley, Cal., August 30, 1915. 


LEPTINOTARSA DECEMLINEATA SAY 
By W. O. ELLIs 


During the summer of 1918, while acting as an assistant in the Ento- 
mological Division of the lowa Agricultural Experiment Station, the 
following record on oviposition was obtained: 

From a female captured July 7 and placed in confinement with a 
male, the writer obtained a total of 1,686 eggs. The experiment con- 
tinued to September 1, or a period of fifty-five days. On July 28-the 
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largest number for a single day from this adult was deposited—110 
eggs. Girault & Zetek! have taken 1,578 from a single beetle. 


Date ‘ Number per Cluster Total 
8 July 25 25 
on 30 30 

10 24 24 

12 29 29 

14 4 7 

15 PALL 21 

19 56 56 

‘24 9 9 

“28 19 34 57 110 

29 22 40 46 108 

30 ike 42 59 

31 10 17 29 56 
1 August 10 30 45 
2 9 16 AS = 5,0) 
4 12 19 30 36 97 
6 42 42 
i 34 17 40 91 
8 13" 22,39 52 
9 10 28 38 

aul 42 42 

12 29 29 

13 10 IDF 41 68 

14 13 22 8 43 

15 14 21 30 

16 | 26 26 

7 20 29 49 

18 18 28 46 

19 38 38 

20 32 9 41 

21 1 ol 42 

22 10 35 45 

23 36 36 

25 18 13 PA D2 

26 Pal Pal 

27 13 27 40 

28 39 39 

29 14 14 

30 13 13 

31 18 18 

TOHiB Ie oc 2b Weel cells oad so ay el, cue le he on ar PE SPOS 2s 1,686 


1Ann. Amer. Ent. Soc., Vol. IV, p. 71. 
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EXPERIMENTS IN THE CONTROL OF THE POPLAR AND 
WILLOW BORER (CRYPTORHYNCHUS LAPATHI LINN.) 


By Ropert Marusson, Ithaca, N. Y. 


The poplar and willow borer is a serious pest in nurseries of New York 
state and at present is doing much damage. It is also a serious pest 
to ornamental poplars and willows, including basket willows. The 
most extensive depredations of this pest occur in nurseries where large 
blocks of these trees are grown, and in some cases the annual loss is 
very considerable. During the past two years, as time would permit, 
control experiments have been conducted in two of our large nurseries. 
This work has been made possible through the courtesy of the propri- 
etors, and to them I desire to express my thanks. 

Although considerable biological data have been gathered in the 
course of this work, only the control experiments and their results will 
be discussed here. Since the publication of Schoene’s workin Bulletin 
286 of the New York Experiment Station at Geneva very little has 
been done in reference to this insect. As the result of his work he 
recommended the use of bordeaux mixture containing an arsenical. 
This spray should be applied during late July in order to destroy the 
adults which feed indiscriminately on the bark of the trees. Owing to 
the difficulty of spraying nursery trees this recommendation has not 
been adopted, and I know of no experiments which have been con- 
ducted on a large scale in order to test the efficiency of this method. 

To present the method of experimentation more clearly, a brief 
synopsis of the life cycle of C. lapatht Linn. is necessary. The eggs are 
deposited in August, September and October in two- or three-year-old 
stock in the nursery rows. I did not succeed in finding eggs in younger 
stock. The eggs are laid exclusively in the corky portions of the tree, 
just below the bark in the cambium layer. They were found most com-_ 
monly around lenticels, near buds and branches, or in growths caused 
by pruning. These eggs hatch in late August, September and October. 
The young grubs feed on the bark and grow slightly before hibernation. 
In these small chambers, just below the surface of the outer bark, the 
young larve pass the winter. Feeding begins early in the spring, the 
larve attacking the cambium layer and often girdling the trees. In 
late June they bore into the heart of the trees, forming the pupal cells. 
Pupation takes place during July and the adults begin emerging in late . 
July and August. The beetles feed for a short.time before beginning 
to oviposit. 

Early in my observations I was led to the conclusion that this insect 
could be destroyed by some contact spray applied to the trunks of the 
trees in the autumn after the leaves have fallen, or in the spring before 
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the young larve have begun actively feeding. This seemed very rea- 
sonable, owing to the quite exposed condition of the young larve in 
their burrows. It seemed to me that some of the emulsions ought to 
penetrate the outer bark or be absorbed through the very small amount 
of frass at the entrance to the burrows and destroy them. With this 
conclusion, I determined to try varying strengths of miscible oils and 
kerosene emulsion applied both in the fall and spring. In order to 
secure a stronger penetrating fluid, it was felt carbolineum avenarius 
ought to be given a thorough trial, but I had to go very slowly as very 
little is known about the constituents of this preparation. Furthermore, 
very little is known as to its effects on actively growing or dormant trees. 

In the fall of 1913, seventy-six badly infested two-year-old poplar 
trees were secured and planted at the insectary. On December 1, 1913, 
part of this block was treated with scalecide at varying strengths and 
also a few trees with carbolineum and its emulsion! as indicated in the 
table. This experiment was closely watched the following spring but 
no injury to the trees could be noted, except that the carbolineum 
treated trees did not seem so vigorous. However, they grew and are 
now (1915) large healthy trees. Examination and careful count of 
the burrows in all of the trees was made on June 17, 1914. The 
number of larve present per tree is shown in table I. 


TaBLe I. Cryptorhynchus lapathi Linn. 


When | Number | Nembor een enon mlepen cent 
Treatment : : | Examined per Tree 
Applied frees Infested Infested | Infested 
(Average) 
Nealeciden—p 2.22 i. bee cerss 2s Dec. 1, 1913 10 June 17, 1914 3 2.6 7 80 
Sealecide 1-8) ih io ee ke es S 10 i: 4 1.25 6 40 
Scalecidei—l0.. ..-..2...00.-. sa 10 7 253 3 70 
SCG GG Was ae eee pany 10 8 1.9 2 80 
Seslecidem—loae ei ta. ee ho Be N 10 5 2 5 50 
Garbolmemm 1=f 3.1 ........%% 2 0 2, 0 
Carbolineum Emulsion 1-2...... 2 0 2 0 
@Wheckpew rey betas he dacnci 22 10 2.6 12 45.5 


In the spring of 1914 a series of experiments was undertaken in a 
large nursery. Three-year-old stock was chosen as it was the most 
available at the time of doing the work. Badly infested trees were 
selected at one side of a large block which had been recently dug. 
Directly across the roadway was a block of young poplars. On March 
31 scalecide, of varying strengths, carbolineum, and carbolineum 
emulsion were applied to the trunks from the ground up to the young 


1The carbolineum emulsion was prepared as follows:—1 lb. sodium carbonate, 
1 quart hot water, 1 quart carbolineum avenarius. The sodium carbonate was 
dissolved in the hot water and the carbolineum was then added, stirring vigorously. 
2 All dilutions are with water. 


524 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


growth. The day was fair but began raining before the various treat- 
ments were completed. However, the rainfall was slight so it should 
not have had any effect on the insecticidal qualities of the preparations. 

The treated trees were examined carefully on May 14, 1914. The 
various treatments had no effect on the growth of the trees, every tree 
growing vigorously, and there being no difference as far as I could ~ 
detect between the checks and those under experimentation. In the 
checks the larve were actively at work and their abundance was indi- 
cated by the amount of sawdust exuding from the numerous burrows. 
All the trees treated with different strengths of scalecide showed 
just as high a percentage of infestation as the checks. This prepara- 
tion had no appreciable effect. In the trees treated with carbolineum, 
either pure or as an emulsion, not a trace of infestation could be found. 
After searching for several hours one shrivelled and blackened larva 
was discovered in its burrow. However, I did not wish to injure the 
trees too much by cutting into all suspicious egg punctures. 

This experiment was again carefully examined on June 18 and con- 
firmed my previous observations. The checks and those treated with 
scalecide were nearly all badly infested, many trees with as many as 
eight to ten borers present, while a few both in the treated and checks 
were apparently free. Those trees treated with carbolineum and its 
emulsion were growing even more vigorously than the untreated ones, 
and not a single trace of the work of the borer in any one of the twelve 
treated trees could be discovered. These preparations colored the trunks 
of the trees a beautiful brown, but other than that no injury could be seen. 

Fearing that such a perfect control might be due to other causes than 
the effect of the treatment, a larger series of experiments was planned 
for the fall of 1914 and spring of 1915. Discarding the miscible oils, 
kerosene emulsion was given a trial as it has been recommended for 
the control of the locust borer (Cyllene robiniw). In a block of over 
10,000 trees ready for digging in the fall of 1915, rows were selected at 
the end which showed the greatest amount of the feeding work of the 
beetles. On December 4, 1914, groups of twenty trees were each 
treated with pure kerosene emulsion, carbolineum and carbolineum 
emulsion. Rows were left between for checks. The material was 
applied directly to the trunks up to the younger growth. On April 9, 
1915, twenty-five trees were treated with pure kerosene emulsion, 
fifty with carbolineum emulsion and twenty-eight with pure carbolin- 
eum. Just previous to these treatments the trees in the whole block 
had been pruned carefully. The material was carefully brushed over 
the trunks, covering all the cut surfaces of the recently removed 
branches. 

The experiment was examined on June 28. The block as a whole 
showed a severe infestation, sawdust being present at the base of a 
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great many trees, and this could be seen for a long distance down the 
nursery rows. In the rows treated with carbolineum or its emulsion 
no sawdust could be seen and the trees were vigorous growers, the 
trunks showing a beautiful brown color but not an indication of borer 
work. The kerosene emulsion had no appreciable effect, nor did it 
injure the trees, though it was applied in large quantities. . The 
treatments applied and results obtained may be quickly ascertained 
by consulting Table II. Kerosene emulsion applied pure in the fall 
seems to have had some effect but one cannot safely draw conclusions. 
Thirty per cent infestation is high, though the average number of 
larve per tree is a minimum. The carbolineum applied pure and its 
emulsion gave almost absolute control and seems to me a very simple 
and effective means of control under nursery conditions. 


Taste II. Cryptorhynchus lapathi Linn. 


Teaeeat When | Number Feeener Number Anne Not Per Cent 
Applied Trees | Infested | Infested| Infested 
| | (Average) 
Kerosene emulsion (pure) ...... Dee. 4, 1914 20 June 28, 1915 6 1 14 30 
* z Apr.9,1915| 25 = 16 2.25 9 64 
MATDOMMEUM 2302s. cc cl... Dec. 4, 1914 20 oh 0 Z 20 0 
- emulsion......... Apr.9,1915| 27 i 0 27 0 
Carbelineum “ Dec. 4, 1914 20 0 20 0 
x, _ Apr.9,1915}| 50 :; 0 on 50 01 
ins 23 eee 116 3 56 2.4 60 48.3 


The cost of these various treatments has not been ascertained. 
The carbolineum costs at retail prices $1.00 per gallon, and one gallon 
should treat at least one thousand to fifteen hundred trees. I am 
planning to carry on this work on a large scale during the coming year 
and shall probably treat twenty to thirty thousand trees. In this way 
the cost of treatment may be determined under commercial conditions. 


ESTIMATING THE NUMBER OF GRASSHOPPERS 
By E. D. Bat 


In most of our published works on injurious insects such terms as 
abundant, swarming, numerous and common are used to designate the 
number of individuals concerned in a given attack. 

The writer has found that in codling moth work the exact number 
of worms per tree and per hundred apples, either present or to be antic- 
ipated from previous counts, are vital facts in the problem of control, 
less than one or two worms per hundred apples indicating a good con- 
dition—more than the number requiring additional control measures. 

1One half grown larva was found in July, evidently due to lack of thoroughness 


in treatment. 
2 
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In the sugar beet ‘‘curly-leaf’’ studies the actual number of leaf 
hoppers per beet was found to be closely proportional to the damage 
done under similar climatic conditions, the difference between one 
and two hoppers per beet making all the difference between success 
and failure in crop production in certain cases. 

Believing that more definite information would be of value in dis- 
cussing grasshopper control, the writer attempted to obtain estimates 
of actual numbers concerned in some recent outbreaks. The results 
proved to be of more value than anticipated, as by putting egg counts 
and swarm counts together a better estimate of danger could be given 
than formerly, and, also, that by using these actual figures the danger 
was brought home to the people in a way to convince them and arouse 
them to united action, such as had never before occurred. 

It is too bad that we cannot give the actual amount of food con- 
sumed per hopper and translate a billion grasshoppers into bushels of 
oats, bales of hay, or tons of sugar beets. 

In estimating the number of eggs laid by a swarm of Camnula pel- 
lucida, the approximate area infested was determined after discing 
the breeding ground so that the eggs showed on the surface (the breed- 
ing grounds having been located the previous August). 

The heavily infested portion was found by counts to average: 


‘Po the squareinchiisc. 3 fain oe aitetee ope ee eee 175 
To the square f00ts ccc. 32 ered ces esha ae nee 25,000 
if Rotndlilcer hig: ee hn MARE A SANG AIAN CC Ye ox, 1,000,000,000 


The area in one valley that was heavily infested was about twenty 
acres or about twenty:billion eggs ready to hatch. That statement was 
sufficient to arouse the community, so that sixty teams and men turned 
out for one day and destroyed them. 

The young hoppers start to migrate as soon as hatched and dry, 
always traveling towards the sun. They travel only on warm days, 
stopping if it clouds up and becomes cool or rains. In estimating the 
numbers in one of the smaller migrating swarms, the central part of 
about three hundred and twenty acres was found to average as follows: 


To the Square INCH nas... cae ee ee 1 
To the square f00tiw5. 2 %.06 ns Ree sles eee eee 150 
Tolthe square TOdMia she... nsceie es. Bane PGR ent, 41,000 
WOtHGracre: Poe te Weeks anaes he ae eae ee ee ee 6,500,000 
To the square milevsw. ok. ee ee Re ee eee 4,000,000,000 


or that part of the swarm equalled two billion grasshoppers. Around 
this center there was an average of from ten to fifteen to the square 
foot on about four square miles, or one and one-third billion more, or 
a total swarm of between three and four billion hoppers. ‘This was 
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considered to be an insignificant swarm as compared to those of 1902, 
when a total of ten times as many were caught in the county, or 
two hundred and seventy-four tons. Estimating that five tons were 
caught from the swarm enumerated above (there was some mixture of 
swarms) and that they ran about the average catch of eight million 
to the ton, then this catch of forty million out of the swarm of three 
thousand, three hundred and thirty million would show that about 
one hopper in every eighty-seven was caught by balloons. If the same 
proportion were caught in 1902, and there were less if anything, San 
Pete Valley had swarms aggregating somewhere near two hundred 
billion grasshoppers that year. 

These swarms were caught for bounty by using “balloons,” catch- 
ing beginning as soon as a swarm was found large enough to pay, which 
meant the capture of from four hundred to eight hundred pounds per 
day per outfit. In this way many swarms were caught while the 
insects were quite small; others were not found until later when they 
would be larger. Many swarms contained hoppers of all sizes, and 
finally, late in the season, some catching was done on the breeding 
ground where only adults were present, so that the average ‘‘catch”’ 
was probably about half grown. The following table gives the number 
by weight at different ages: 


APPROXIMATE WEIGHT OF GRASSHOPPERS 


| Per Ounce Per Pound meee Per Ton 
Egg—or just hatched young ............. 95,000 1,500,000 92,000,000 3,000,000,000 
OnicawecksOlderrtr fo. ks sielicibesaee ce. 5,000 80,000 5,000,000 160,000,000 
4 to 4 grown—large enough to catch easily. . 1,000 16,000 1,000,000 32,000,000 
Average catch—from small to adult....... 250 . 4,000 250,000 8,000,000 
AGTH IEIE AG oe 6 aes ee 55 900 50,000 1,800,000 
AGU TIFIED 13 8 OU en. ee  re 115 1,850 110,000 3,700,000 


SOME DEVELOPMENTS IN GRASSHOPPER CONTROL 


By F. M. Wesster, In charge of Cereal and Forage Insect Investigations, Bureau of 
Entomology 


During recent years, first the Criddle mixture and soon afterward 
the poison bran bait, came rapidly to the front as the most practical 
and efficient measures that could be applied in protecting the crops of 
the farmer from attacks of grasshoppers which for many years have, 
with greater or less frequency, over-run his fields and destroyed his 
crops. 
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While in many cases—perhaps the majority—excellent results have 
been obtained by the application of either one of these two measures, 
nevertheless, it frequently occurred that such results proved entirely 
unsatisfactory. This has been the case occasionally, even when these 
poisons were being used in the hands of expert entomologists. It has, 
therefore, for some time, appeared desirable that investigations be 
taken up with a view to discovering the determining factor in such 
failures, as they could not, in all cases at least, be attributed to lack 
of care in preparing and applying these mixtures. 

In fact, very often farmers expected to get results in a ay hours, 
whereas the full effects of the poisons have been found by all of the 
men conducting these experiments to extend over three or four days’ 
time. 

With this situation in mind, experiments were undertaken by four 
of the cereal and forage insect field stations which together covered a 
territory extending somewhat interruptedly from the Atlantic to the 
Pacific coasts. 

For upwards of forty years there have been periodical outbreaks of 
several species of grasshoppers in the Merrimac and Connecticut 
River valleys in New England, originating in the intervales along the 
river bottoms. At no time have these outbreaks been satisfactorily con- 
trolled and they have, in the past, cost the farmers located in these 
valleys, immense sums of money. It was with a view to establishing 
a systematic piece of investigational work that the writer made a sur- 
vey of the Merrimac valley during the summer of 1914. 

The particular species of grasshoppers involved in these New 
England outbreaks were Melanoplus atlanis, Melanoplus bivitiatus, 
Melanoplus minor, and Camnula pellucida, besides one or two other 
less important species. 

With a view of determining whether or not it was possible to control 
these outbreaks, Mr. Harrison E. Smith was detailed to take up the 
work in New England, and carry it on during the spring and summer of 
1915. One of the first obstacles to be encountered was the rather 
surprising fact that the young grasshoppers were much more difficult 
to kill with the poison baits than were those fully developed. The 
doubling of the amount of fruit used in the poison bran mixture, and 
adding that ordinarily used in this mixture to the Criddle mixture, 
eliminated this difficulty to a considerable extent, as the baits with 
the additional fruit appeared to be more attractive to the young grass- 
hoppers. Still, there were failures even in cases where these poisons 
were used against full-grown insects, and even now the young up to 
the third instar do not seem to yield readily to these baits even with 
the increased amount of fruit and double the amount of the bait ap- 
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plied per acre. This was puzzling for a considerable time until it was 
learned that the failure was largely due to the drying out of the baits 
before the grasshoppers had been attracted to and eaten sufficient of 
them to be killed from the effects of the poison. This difficulty was 
eliminated by placing the baits in the fields in the early morning, 
before sunrise, so that the insects as they began to feed would be at- 
tracted by and feed upon the poison. Mr. Smith’s work in New Eng- 
land has demonstrated that, over large areas, the experiments in some 
cases covering six or seven hundred acres, the results were the destruc- 
tion of 95 per cent of the grasshoppers at an expense of from seven to 
thirteen cents per acre. With the Criddle mixture, 80 per cent of the 
full-grown grasshoppers were killed over the entire area of 30 acres at an 
expense of 65 cents per acre. 

As illustrating the actual results of the use of these poison baits, it 
may be stated that on a farm near Franklin, N. H., two applications 
of the poison bran bait resulted, in certain places, in as high as 550 dead 
grasshoppers in the space of a square foot. Furthermore, some of 
this work was carried on in pastures where valuable cattle were 
continuously grazing and in no instance did any domestic animal 
or bird suffer the least ill effects, so far as could be observed. 
During the first week of the following September over these treated 
fields there was not to be found on an average one individual to the 
square rod. 

During the last few years many complaints have been received of 
attacks of grasshoppers in Florida and recommendations involving the 
use of these poison baits usually resulted unsatisfactorily, wherever 
results were reported at all. The species involved was the large “‘lub- 
ber’? grasshopper, Romalea microptera. Farmers in many sections 
became discouraged and were convinced that these poison baits could 
not be used effectively against this pest. Mr. R. N. Wilson, in 
charge of the field station at Gainesville, Fla., took up the work of 
determining the cause of such failures. While the actual cause of 
these failures was not determined, it was learned by actual experiments 
that the poison bran bait, properly prepared and applied would work 
thoroughly and effectively in destroying these grasshoppers. After 
carrying out a series of experiments, Mr. Wilson induced five farmers 
in the vicinity of Fellsmere, Fla., to make careful observations during 
the following two or three days, and report results. As reported to 
him, this bait not only attracted the grasshoppers, but killed at least 
50 per cent within twelve hours, while these farmers, by placing the 
grasshoppers in confinement after their having fed on the poison, 
found that all died within 48 hours. The result of the experiment 
among the farmers was that, as expressed by one of them: “‘We now 
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feel that we have the grasshopper situation well in hand and that, 
thanks to you, the problem is solved.”’ 

Another experiment carried out by Mr. Theodore D. Urbahns at 
Gustine and San Diego, Cal., resulted equally satisfactorily. In 
this case the species involved were M. differentialis, M. uniformis, M. 
destructor, and Camnula pellucida. ‘The usual formula was used by 
Mr. Urbahns, except that 6 lemons were used for each 25 pounds of 
bran, with 2 quarts of cheap syrup and 3 gallons of water. Mr. 
Urbahns was able to protect alfalfa fields where the plants were 18 
inches high and the insects feeding destructively along the border of 
the field. In his experiments he found that alfalfa meal was about 
equal to wheat bran in value, thus giving an alternative where farmers 
can obtain alfalfa meal more readily than wheat bran, the price being 
practically the same. Sugar beet pulp was also used but its effective- 
ness was found to be of shorter duration than that of the bran or alfalfa 
meal. 

Very satisfactory results were obtained with this poison bait mixture 
by Mr. E. L. Barrett of the Pasadena, California, laboratory in ex- 
periments carried out by him in the Imperial Valley, covering two 
areas, one of about 20 acres, on a ranch at Holtsville; and another of 
about 10 acres, near Brawley, Cal. Seventy-two hours after the 
poison was put out, there were found on an average of about 150 dead 
grasshoppers per square yard. As the effects of the poison would 
extend beyond that time, it is free to presume that the destruction 
of these insects were still greater than these figures would indicate. 

An attempt to control grasshoppers by these poisons in the vicinity 
of Tempe, Ariz., was ineffective, and we had a recurrence of the con- 
ditions where an expert entomologist failed to secure satisfactory- 
results with the poison. Later, however, experiments were carried 
out in this same locality, the only difference in the bait being that 
instead of an ordinary good grade of molasses, sorghum molasses was 
substituted. Otherwise the same formula was used as that employed 
by Mr. Urbahns, excepting that 2 gallons of water per each 25 pounds 
of bran was used in preparing the mixture. The application was 
made August 12. Two days later the average count over the field was 
167 dead grasshoppers to the square rod, while as a final result 95 per 
cent were killed. Here the species involved was chiefly Melanoplus 
differentialis. Thus it has been learned that the chief cause of failure 
has been in that, when this poison was used against the young grass- 
hoppers, too small amounts of fruit were utilized in making the bait, 
and the failures when used against full-grown grasshoppers were largely 
in that the baits were lacking in moisture and hence less attractive 
when the grasshoppers began to feed upon them. Then, too, there 
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seems to be something in the nature of the molasses or syrup used as is 
evidenced by the results obtained in Arizona. 

Perhaps, as indicating the rapid advancement in applied entomol- 
ogy, we might present as a contrast the following extracts from Curios- 
itaten der Physisch-librarisch-artistisch-historischen Vor- und Mitwelt, 
etc., periodical published by Vulpius in Weimar 1811, I, p. 390: 


“‘Aventinus relates the oldest instance in the Bavarian Chronik (p. 302) at the 
time of King Ludwig IV (reigned 936-954) the large grasshoppers came on the Rhine 
and devoured cereals, grasses, and vegetation of that kind. The priests held great 
processions, parading with the sacred objects about the fields, and prayers in the 
churches, in a word, a great spiritual agitation developed, ‘but nothing would help,’ 
adds the chronicler.” 

“In the 14th century, relates Uland in his writings on the history of poetry and 
sayings, the Bishops of Thur and Lausanne spoke to the entire church train about 
the robber fishes, earth worms and grasshoppers. Previously there used to take place 
a regular trial before the church court with all the rules of jurisprudence, the defend- 
ants were called, an attorney was assigned them on appearance, who dealt with the 
prosecutor, and then only rendered decision.’’ 

“As late as 1479 in the Canton of Bern there was great insect damage. The dep- 
redators were invited before the church court of the Bishops of Lausanne, to which 
diocese Bern then belonged, and after trial they were solemnly given the ban in the 
name of the holy Trinity. The Bern city recorder, who presents this fact, adds that 
“it did not help.’ ” 


There are occasions when the use of a hopperdozer is, temporarily 
at least, profitable, as for instance while the materials to be used in the 
baits, and which are not always quickly obtainabl:, are being secured, 
and when it is desirable to put immediate stop to the work of these 
pests. A cheap and easily constructed hopperdozer (see fig. 21) has 
been devised by the farmers of Kansas which may be described as 
follows: The frame is constructed of two by fours (2 x 6 is better if 
land is rough and hilly), 16 feet long, with 4 compartments to keep 
from sloping endwise on side hill land, and the width of a sheet of 
galvanized iron. Have runner on each end and one in middle, put on 
with screws; 2 iron loops on each end, 3 or 4 on back side. Make 
wooden standards 36 inches (or the width of common cotton factory 
cloth) long to fit in the loops, with shoulder so they will not slip down. 
Put them in place, then stretch the cloth around two ends and back 
side and tack in place with large head tacks. The idea of this canvas 
-back is to make pan lighter and when not in use the standards can be 
pulled out and cloth rolled up and stored in dry for future use. The 
pan is to be water-tight and with a clevis and singletree hooked to each 
end runner with horses spread apart; it has a tendency to gather the 
hoppers into the pan and the idea of a long pan is to get over the most 
ground, quickly, with least travel. This improved pan is much less 
expensive than the hopperdozer ordinarily recommended, is much 
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more easily constructed, and, as has been indicated, when not needed 
for use it can be folded up and put away until occasion requires its 
further use. 

Entomologists will, the writer is confident, be interested in having 
a history of the origin of the ‘‘Criddle Mixture” by Mr. Criddle him- 
self, and therefore no apologies are offered for including in this paper 
some notes on the Criddle mixture kindly sent to the writer by the 
originator of this, one of the least expensive and most useful and 
effective of our insecticide mixtures. 


The origin of the grasshopper bait, christened by the late Doctor Fletcher, ‘‘Criddle 
Mixture,” was due to an observation on the part of Mr. Norman Criddle that grass- 
hoppers were in the habit of abandoning all vegetation in favor of freshly-dropped 
horse dung, this preference being so marked as to leave no doubt in the minds of even 
the most casual observers. Droppings left several hundred feet in the midst of 
growing grain at once attracted grasshoppers from the edges of fields so that they 
might be seen marching steadily towards the direction from which the odor came, 
and then, having speedily devoured the ‘‘droppings,”’ they attacked the surrounding 
crop with the result that a large bare patch would be made in the midst of it. A few 
examples such as this seem in themselves sufficient evidence of the substances’ 
attractiveness, but if more were needed the roads and manure piles amply verified 
what had been observed before. 

“The second ingredient, salt, was also added through observation. It is well- 
known that clothing and the handles of any farm implement will attract grasshoppers 
on account of the salty taste, caused through contact with the human skin, while 
experiments supplementary to this observation showed that they readily ate any 
article steeped in salt water. For this reason salt was added and proved particularly 
valuable after the droppings became dry. 

“The third ingredient was largely a matter of cost and convenience. Paris green, 
arsenic or arsenite of soda would doubtless prove equally successful as a killing agent, 
and Paris green was selected on account of its availabilty in sufficient quantity. 
After numerous experiments the following formula was adopted as most suitable: 

Horse droppings, preferably fresh, by measure one hundred parts; 

Paris green, one pound or part; 

Salt, one pound or part.” 

“This approximates 15 gallons by measure of horse manure to one pound of Paris 
green and salt. It may be mixed in two ways, namely, dry with sufficient water 
added to make a thoroughly moist, but not sloppy, mash; or by placing the Paris 
green and salt in water first and pouring this over the ‘droppings.’ Before appli- 
cation it is necessary to pay some attention to weather conditions, cloudy days, or 
those in which the temperature is below 60° F., should be avoided and preference 
given to those in which sunshine and heat predominate. In applying it the best 
method seems to be to scatter it thinly among the grasshoppers every few days. It 
can, however, be put out in small heaps, in which condition its attractiveness lasts 
longer but it is more dangerous to stock. 

“There is no doubt whatever as to the remarkable attractiveness of this mixture 
at all periods, from the time of the locusts’ appearance in May until they die in 
September, or of its superiority over any other form of extermination yet tried in 
these parts. The evidence of farmers is almost unanimous on this point, and all the 
best type speak with enthusiasm of its value, the few exceptions being due to faulty 
methods in its application and mixture. My brothers and I have also used it con- 
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tinuously for the last ten years with perfect success and at very small cost, the last 
occasion being this season when we undoubtedly saved many acres of crop, while on 
more than one occasion its use undoubtedly saved the whole crop as was shown by 
the destruction of those not treated. 

“This, however, refers only to Manitoba, as my experiences have been but casual 
outside, but I am of opinion that climatic conditions, particularly humidity, play an 
important part in the success or failure of this mixture. From a few observations 
made in Quebec some years ago, I found horse dung far less attractive there, and the 
roadways, which in Manitoba would be swarming with locusts, were comparatively 
free. Judging from this, I would expect to find it valueless in the moister parts of 
Canada and the United States, and most useful in the dryer Northern States, par- 
ticularly the Dakotas, Minnesota and Montana, as well as Alberta, Saskatchewan 
and Manitoba. 

‘““Why a mixture so attractive in Manitoba should prove useless in Quebec in a 
time of drought with the same species of grasshopper involved, is difficult to answer. 
That it is so there seems no doubt, and the problem is therefore to ascertain, with 
accuracy, what the conditions are and where the conditions are favorable or otherwise. 
I should consider a trustworthy indication would be to watch the freshly-dropped 
dung and roadway. When this is eaten freely, the mixture should prove a success, 
when grasshoppers are not so attracted, it will prove a failure. 

“‘Tt may not be out of place to remark in conclusion that stable water from behind 
the stalls is even more attractive than dung and has proved a remarkable attractant 
when mixed with other material such as bran or sawdust, while grasshoppers have 
been observed to actually devour the earth in places where it has been left. Dry 
cow dung is also readily devoured.”’ 


While it will be observed from the foregoing that it has been entirely 
practicable to destroy from 75 per cent to 95 per cent of the grasshop- 
pers present in given areas, thus showing that these methods perhaps 
offer the greatest protection to a majority of farmers and ranchmen, 
there are cases where, owing to a variation in existing conditions, other 
precautions must be taken. These insects deposit their eggs in waste 
lands, in many cases lands that owing to their nature it is impossible 
to bring under cultivation. Myriads of young are produced and de- 
velop in such breeding grounds and continue to migrate therefrom for 
a considerable period of time, so that the destruction of even 90 per 
cent of the grasshoppers present at any one particular time frequently 
does not offer entire protection to the farmer. Therefore other 
measures for destroying these pests must not be overlooked. 

During the past season several owners of large areas in New Mexico 
tried discing, harrowing and other methods of shallow culture during 
fall or winter to destroy the eggs. Spring culture of this character 
will not destroy the eggs. While of course winter culture cannot be 
carried out in the northernmost part of the country, it is entirely 
feasible in many sections of the South, where grasshoppers prove a 
grievous pest. And in the northern part of the country many areas 
of waste land can be disced or harrowed or otherwise stirred in the fall 
to a depth of two or three inches. 
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One of the most striking examples of the advantages of this method 
that has come to our notice during the past season was in the case of a 
farmer in the vicinity of Wagonmound, New Mexico, who had made a 
practice of discing all his ditches, fence rows, and other waste places 
on an extensive alfalfa farm, as well as discing alfalfa itself. During 
the summer of 1915 there were very serious ravages of grasshoppers 
in that neighborhood but this farm almost entirely escaped grasshopper 
attack. If this were a single instance it might be termed a coincidence, 
but all through that country, where waste areas were treated in this 
way during fall or winter, it was very easy to pick out such later on 
during summer on account of the slight damage done by the grass- 
hoppers. 

The greatest objection to methods of this sort is, however, the 
difficulty in arranging for a thorough codperation. If farmers over a 
considerable area would all combine and go over the waste lands where 
possible with dise harrows, or even other harrows, and cultivate to the 
depth of a couple of inches, they would derive a vastly greater benefit 
than would seem possible. In fact if this method of treating waste 
lands were followed during the fall or winter where possible, supple- 
mented the following year by the use of poisoned baits, it is doubtful 
if any one need suffer seriously from the attacks of grasshoppers in any 
section of the United States. 


SOME STUDIES ON THE SNOWY TREE-CRICKET WITH 
REFERENCE TO AN APPLE BARK DISEASE 


By P. J. Parrott, W. O. GLoyer AND B. B. Futon 


Recent years have been characterized by great activity in the study 
of insects as carriers of human and animal diseases. A cursory peru- 
sal of literature suggests that much less attention has been directed 
to the role that these agents play in the dissemination of disorders of 
plants. Observations of the snowy tree-cricket (Gcanthus niveus 
D.G.) on apples have indicated that the investigation of the activities 
of this species on this host would prove a fruitful problem for study and 
furnish a contribution to the knowledge of this somewhat neglected © 
field. 

One who has noticed the work of @. niveus on apple can hardly fail 
to form the opinion that this species is in some way connected with the 
spread of a bark disease of this fruit. Even to superficial observations, 
that there is a relationship between this insect and some parasitic 
organism, is plain and unmistakeable. The opinion that there is 
some such association is formed from the fact that the tissues about 
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the wounds in the bark produced by the insect are much discolored or 
dead. The diseased areas range generally from one-fourth of an inch 
to an inch in diameter, while the bark within these limits varies from 
purplish or reddish-brown to pale brown, depending apparently on the 
extent and age of the infection. Usually most of the affected spots. 
are circular or somewhat oval in form, and occasionally there-is a 
large irregular extension of the original infected area as if there had 
been a renewal of activities by the infectious agent. The bark within 
the area of infection is generally slightly depressed and may also. 
be separated from the sound bark by a distinct line or narrow crack. 
In more advanced stages cracks develop, separating the dead area from 
the surrounding living tissues, and there is formed a core which adheres 
loosely to the wood, affording attractive situations for the woolly aphis. 
From the wounds made by the insect, located as a rule in the center 
of the diseased areas, one may observe in April or May more or less: 
flowing of a gummy, reddish-colored liquid, which on drying leaves a 
resinous product about the orifices of the punctures. In their exter- 
nal appearances and effects these cankers resemble superficially cer- 
tain stages of the New York apple-tree canker (Spheropsis malorum 
Pk.) or the blight canker of apple trees (Bacillus amylovorus (Burr.) 
de Toni). 

Our investigations on the tree cricket with reference to this dis- 
order of apples have been along three lines, (1) to identify the infec- 
tious organism of the apple bark, (2) to ascertain the habits of: the 
tree cricket to determine in what ways it may act as a carrier of 
the disease and (3) to make experimental attempts to reproduce the 
disease in apples by using the crickets as carriers of the spores. These 
studies were conducted jointly by the Departments of Botany and 
Entomology of the Geneva Station, the former department directing 
the work involving the determination of the fungi and the cultural and 
experimental operations with the disease organisms. 


IDENTIFICATION OF CAUSAL AGENT OF BARK DISEASE 


The primary steps in this codperative effort involved the deter- 
mination of the causal organism, which was essential before there 
could be a really intelligent understanding of the exact réle of tree 
crickets in the dissemination of the disease. Cultural and micro- 
scopical studies conducted to this end have revealed the interesting 
fact that the causal agent of the bark trouble in New York was, in 
the majority of cases, neither the New York apple canker (Spheropsis 
malorum) nor the fire-blight canker (Bacillus amylovorus), as formerly 
supposed, but a species known as Leptospheria coniothyrium (Fckl.) 
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Sace. (Coniothyrium Fuckelit Sacc.). According to Duggar! this is a 
fungus which, as a disease-producing organism, has been known only 
afew years. O’Gara? lists it as occurring on apple and rose at Wash- 
ington, D. C., and on apples in a nursery near Clemson College, 8. C. 
It is stated by this writer that most of the infections took place where 
the bark of the trees had been bruised or slightly broken by the tools 
or harness in cultivating. He also records that in one nursery serious 
infection was found on apple trees which adjoined a clump of wild roses 
badly infected with the disease. The trees nearest the roses showed the 
greatest number of infections. In New York this fungus had, up to 
the time of this investigation, attracted no attention either as an 
apple or as a rose pest, but since 1899 it has been regarded in this state 
as a widespread and serious disease of raspberries, which is known as 
Raspberry Cane Blight. It is essentially a wilt disease, and the prin- 
cipal damage results to the fruiting canes. The whole cane may be. 
involved. or only a portion of it. As to the manner of infection Clin- 
ton® thinks that the fungus gains entrance through the flowers and 
fruit, the spores being apparently spread by bees and other insects. 
Stewart,* as a result of his extensive and careful studies of the dis- 
ease, believes that infection occurs in wounds of various kinds and that 
a break in the epidermis usually precedes the attack. He also states 
that cane-blight often starts in wounds made by the “heading back” 
of new canes, by the removal of branches, by the rubbing of canes 
against each other or against supporting wires, and particularly in 
crotches where the branches are more or less split apart, and in wounds 
made by the snowy tree-cricket Hcanthus niveus (nigricornis) during 
Oviposition. “The wounds thus made furnish a lodging place for 
Coniothyrium spores and also for water necessary to the germination of 
the spores, making the conditions exceptionally favorable for infec- 
tion. That infection does actually occur in tree-cricket wounds is 
shown by the large number of instances in which the cane is covered 
with Coniothyrium pycnidia in the vicinity of the wounds, usually just 
below them. The well-known tendency of cricket-injured canes to 
break at the point of attack is probably due, in part, to brittleness 
induced by the Coniothyrium. It appears that the injury done by 
the tree cricket is often much aggravated by the cane-blight fungus. 
While Coniothyrium often takes advantage of wounds it is by no means 
certain that it should be classed as a wound parasite.’ As to the 
methods by which it is distributed, Stewart suggests the dissemination 


1Duggar, B. M., Fungous Diseases of Plants, p. 354. 
2O’Gara, P. J., Phytopathology, Vol. 1, p. 100, 1911. 

3 Clinton, G. P., Conn. Exp. Sta., Report (1906): 321-324. 
4Stewart, F. C., N. Y. Ag. Exp. Sta., Bul. 226, pp. 331-366. 


538 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


of infested plants through the nursery trade and the carrying of spores 
by wind and rains, or by pickers or workmen in pruning the vines. 
The suggestion is also made that birds and insects carry the spores 
to a limited extent. The fact that the blight is so abundant and 
destructive to raspberries and that, while the tree crickets occur in 
great numbers on raspberries, they prefer apple wood for oviposition 
is additional presumptive evidence, tending to support the theory that 
these insects have a hand in infecting apple trees with the disease. 


CERTAIN Hapsits oF TREE CRICKETS WHICH FAVOR DISSEMINATION 
OF THE BARK DISEASE 


In the absence of definite data as to the actual part played by the 
insects in the dissemination of this trouble, it appeared from the start 
that two habits of tree crickets should be carefully studied, which are, 
(1) their feeding habits, and (2) their oviposition habits. Tree crickets 
are omnivorous creatures and subsist on a diet of wide assortment. 
In their early life they feed extensively on plant lice, leaf-hoppers, 
tingitids and scale insects. At times they also exhibit cannibalistic 
tendencies, directing their attacks to the tips of the folded wings or to 
portions of the abdomens of one another, while those offering feeble 
resistance may be devoured outright. As the insects approach the 
mature stage, they develop more pronounced phytophagous and my- 
cophagous habits, feeding on the floral organs of various plants, on 
foliage, on fruits of different sorts, and such minute fungi as may be 
found on bark or decaying vegetation. 

The snowy tree-cricket oviposits in a great variety of plants, among 
which may be mentioned.apple, plum, cherry, walnut, raspberry, elm, 
peach, witch hazel, chestnut, butternut, wild crab-apple, hawthorn, 
red oak, maple and lilac. The largest numbers of eggs have so far 
been found in apple, plum, cherry and elm. The areas selected for 
the reception of the eggs varies according to the variety of plant and 
the age of the wood. With the raspberry, the eggs are inserted at the 
sides of the buds in the fleshy parts in the axils of the leaves but they 
do not extend into the pith, while with the elm the eggs may be most 
commonly observed in the corky areas and they do not as a rule reach 
the soft inner bark. In the case of other trees, especially the apple, 
deposition on the smaller branches occurs about the thickened bark 
at the bases of the twigs. With older wood, the eggs may be found 
about all areas of the bark, and frequently they are inserted through 
the lenticels and are placed in the inner soft bark. . In making a hole 
for the reception of the egg a groove is sometimes cut in the surface 
of the underlying wood, but the female generally avoids drilling to 
any appreciable distance in such hard structures. 
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The process of egg deposition is briefly as follows: The female, 
having selected a suitable spot on the tree, first gnaws a hole in the 
bark. She then advances forward, and moving the ovipositor at right 
_angles to her body, inserts the tip of it in the wound and proceeds to 
bore the hole for the reception of the egg. The drilling is accom- 
plished by a thrusting and rotating motion of the ovipositor. After 
boring to a suitable depth, the egg is deposited. An adhesive substance 
is then discharged, which is kneaded about the egg by the ovipositor. 
Attention is also called to the curious habit of the female which, at 
the conclusion of the drilling operation, usually defecates and then, 
when the egg is deposited, conveys the excreta by means of her mouth 
to the wound and gently kneads it to form a neat cap to the opening. 

In studying the feeding and oviposition habits of the snowy tree- 
cricket it appears that infection of apple bark might take place as a 
result of (1) wounds produced by the gnawing of the bark by the 
female as the initial step in the act of oviposition; (2) by means of 
the ovipositor, the adhesive substance discharged at the time of dep- 
osition, serving to collect and to hold the spores which may later be 
left in the holes during the drilling process; and (3) by the introduction 
of spores in the oviposition wounds on account of the remarkable habits 
of the insect, which employs its excreta to close the openings in the 
bark after the deposition of the egg. Our attention has largely been 
devoted to the consideration of the last point, which has involved a 
study of the viability of the mycelia and spores of fungi after passage 
through the intestinal tract of a number of the crickets and experi- 
ments in the orchard using tree crickets as carriers of the spores of 
several of the more important bark diseases of the apple. 

In our work to determine the effects of the digestive processes of 
the insects upon the vitality of the spores the following methods 
were employed: Tree crickets to the number of twelve to twenty 
individuals were confined in breeding cages containing raspberry 
' shoots and apple twigs which were abundantly infested with plant 
lice. Spores of various fungi were introduced into the breeding cages 
in a 5 per cent cane-sugar solution which was atomized over the 
foliage or through sections of wood which were affected by some of 
the common bark diseases. At varying intervals of time microscopi- 
eal and cultural studies were made of the excreta to classify the differ- 
ent species of spcres in the alimentary wastes and to determine their 
viability in ordinary agar cultures. 

Some of the more interesting results sbeaieen in these tests may be 
briefly summarized as follows: 

1. The crickets fed readily on diseased areas of apple and 
raspberry canes, even when foliage and lice were abundantly 
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supplied. In one cage containing cankers of the New York 
apple canker, Spheropsis malorum, and spores of the _ blister 
canker Nummularia discreta Tul. applied to foliage, an examina- 
tion of fifty pellets showed twelve pellets without spores of either — 
fungus; twenty-eight pellets with spores of the New York apple 
canker, and twenty pellets with spores of the blister canker. 
In many instances spores of both diseases were found in the 
same pellets. 

2. When crickets were starved two days before feeding, spores 
of various fungi passed through the intestinal tract in a period 
of six and one-half hours. 

3. When tree crickets were allowed to feed normally before the 
tests, spores of various fungi, including the New York apple 
canker and blister canker, were found in the excreta four days 
after diseased wood was removed from their diet. 

4. Cultural tests of spores in the excreta showed that spores 
of the New York apple canker and the Mica Inky Cap (Coprinus 
micacious) passed unharmed through the intestinal tracts of the 
crickets. Spores of the blister canker showed poor germinating 
qualities. The feeble growth of the stock cultures suggests that 
the spores possessed low vitality, which may be explained by the 


‘fact that they were taken from museum material nearly one 


year old. The excreta of these insects possess a rather extensive 
flora, which includes such forms as Penicillium, Alternaria, Pesta- 
lozzia, Asperillus, a Myxomycete, and many bacteria and yeasts. 
Most of these showed a high rate of germination after being 
subjected to the digestive processes of the tree crickets. 

5. In twelve attempts to establish the New York apple canker, 
the Coniothyriwum canker and brown rot (Sclerotinia fructigena 
(Pers.) Schrcet.) in peaches and apples, all proved failures except in 
one experiment where there were three slight infections by the 
Coniothyrium canker. On account of the readiness with which 
the insects feed on the spores and the abundance of these organ- 
isms in the excreta, it would appear from the work already 
accomplished that conclusive experimental proof of such carriage 
of bark diseases ought not to be difficult to demonstrate, especially 
with a better understanding of the conditions favoring inocula- 
tion and incubation, to which plant pathologists are now de- 
voting considerable attention. 


While the foregoing data dealing with the viability of spores of vari- 
ous bark diseases after passage through tree crickets are new, it should 
be stated in conclusion that the existence of pathogenic microérganisms 
in the digestive tract of insects and their degrees of resistance to the 
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digestive processes of various forms of animal life have been discussed 
by other writers. House-flies captured in the open are said to show a 
great variety of spores. Dr. Graham Smith states that feces, de- 
posited by flies, contain organisms in considerable numbers for at 
least two days after feeding by the insects and that they are fre- 
quently infective for much longer periods. Anthrax spores, according 
to this writer, survive for many days on the exterior of the insect as 
well as in the alimentary canal. Some writers maintain that the 
danger of disease germs that pass through the body of the common 
house-fly is greater than from those supposed to be carried from foul 
substance on their feet. Studies on the Fusarium rot of corn showed 
that the germinating powers of this disease were little or not affected 
when subjected to the digestive processes of chickens. The studies 
by Morse on potato scab indicated that the spores of this disease are 
able to pass through the digestive tract of both horses and cows and 
go into the manure pile without being destroyed, but much more 
readily with the former than the latter. The manure of horses is 
very likely to carry the germs of this disease. Similar views are held 
by plant pathologists generally with respect to corn smut, cabbage 
— elub-root, and other plant diseases. 


A NEW SPECIES OF GONATOCERUS (MYMARIDZA) PARA- 
SITIC ON THE EGGS OF A NEW SPECIES OF 
IDIOCERUS (BYTHOSCOPIDA) FEEDING 
ON POPLAR 


By M.D. Lronarp and C. R. Crossy, Ithaca, N.Y. 


On May 29, 1914, a resident of Ithaca brought to the Insectary 
some poplar branches badly infested with nymphs of a Bythoscopid. 
No further opportunity was presented for the study of the insect until 
the spring of 1915 when, on April 1, we procured some small branches 
from the infested trees and placed them in water in a warm room in 
order to force out the buds. The eggs began to hatch on April 19 and 
the first adults were obtained on May 14. The insect was at first 
thought to be Idiocerus alternatus Fitch but, owing to discrepancies 
between the life history of that insect as described by Osborn and 
Ball (lowa Agr. Exp. Sta. Rept. for 1897, p. 118) and the life history 
of the species under discussion, we were led to question the determi- 
nation. Prof. Herbert Osborn has kindly compared our specimens with 
those in his collection and informs us that he is of the opinion that they 
represent an undescribed species. | 


3 
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Idiocerus gemmisimulans new species. 


Female. Length, 7 mm. Vertex yellowish with a dark brownish irregular line 
connecting the eyes along the crest; the usual spots on the vertex indicated by two 
small more or less indistinct brownish dots; vertex mottled with brownish, especially 
at the inner upper angle of the eye and in the center where it is more or less bluish in 
certain lights. In the darker specimens a broken irregular dark brownish pro- 
curved line connects the antenne. Ocelli situated on dark brownish spots. Face 
pale yellowish. Sculpture of vertex finely, transversely rugulose. Basal segment of 
antenne yellowish, second segment blackish, remainder yellowish to dark brownish. 
Prothorax with bronzy reflections, brownish, sometimes mottled with bluish, 
transversely rugulose; sculpture more pronounced than on the vertex. Scutellum 
brownish, paler behind, rugulose in front of the depressions and transversely striate 
behind. Wings pale brownish, veins with al:ernating dark brown and white por- 
tions. When the wings are at rest the following white portions of the veins are most 
conspicuous: terminal portion of 2d A (which when the wings are closed makes in 
combination with the white vein on the opposite wing a conspicuous V-shaped mark) ; 
a section near the base of Cu opposite the fork of R; the fork of R; and the junction 
of Cu2 and 1st A. Legs brownish yellow; tibize with a more or less distinct dark 
brownish stripe extending along the basal half of the outer edge. Claws blackish. 
Ventral aspect of insect yellowish. 

Male (P1. 30, Fig. 6). Length, 6 mm. Coloration of head similar to that of fe- 
male. Prothorax slightly more grayish with two irregular blackish spots in center 
and one on either side on posterior border. Scutellum yellowish brown with a 
blackish bar in front notched in the center behind, and nearly interrupted by two 
large areas of the ground color; behind this bar are two small blackish spots. Mem- 
brane of wings for the most part pale brownish, more pronounced at tip, veins with 
alternating whitish and dark brownish or blackish portions. The extent of the dark 
brownish portions on the wings varies to a considerable extent but is often as shown 
in Pl. 31, Fig. 10. The markings on the wings are more distinct than in female. 
Antenne and legs similar to those of the female. Antenne without discs. Face 
of the male (Pl. 31, Fig. 9) similar to that of female. In the lighter specimens the 
mottling on the vertex, which in the darker specimens often forms a more or less dis- 
tinct band connecting the eyes, is very faint, and the procurved line connecting the 
antenne lacking. | 

Egg (Pl. 30, Fig. 7). Length, 1.86 mm., width, .4 mm., bluntly rounded at poste- 
rior end, tapering gradually to anterior end which is obliquely truncate and provided 
with a dark brownish cap; pale translucent, shiny; chorion finely punctate. . 

The eggs (PI. 31, Fig. 8) are inserted in groups of five to ten, eight being a common 
number, just under the bark of the green twigs, usually just above a bud. The 
eggs lie flat in a more or less curved row under a thin flap of bark which soon turns 
brown. 

NYMPHS. ; 

Stage I (Pl. 30, Fig. 1). Length, 1.29 mm., width of head including eyes, .63 mm. 
General color shining dark brown or black. Head with a narrow yellowish median 
line. Thorax with a broader yellowish median line of varying width. First and 
second abdominal segments yellowish; the latter brownish laterally. Eyes reddish. 
Antenne pale yellowish, except basal segment which is black. Coxe, trochanters 
and extreme base of femora pale yellowish; remainder of femora and basal half of 
tibise dark brownish or blackish; terminal half of tibize and first tarsal segment pale 
yellowish; whole of second segment of fore tarsi, and tip of second segment of middle 
and hind tarsi, blackish; claws blackish. 
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Stage IT (Pl. 30, Fig. 2). Length, 1.98 mm., general color dark brownish to black- 
ish. A pale yellowish median stripe, varying in width, extends from near the vertex 
back to the middle of the third abdominal segment. Segments five and six of ab- 
domen yellowish in center. These yellowish markings vary considerably in extent 
and distinctness in different individuals. There is also a pale yellowish line on the 
head bordering the inner margin of the eyes. Eyes reddish. Antennz pale yellow- 
ish except basal segment which is blackish. Coxe, trochanters, extreme base of fe- 
mora and tip of middle and hind tibie pale yellowish or whitish. Tip and base of 
fore tibie and tip of fore femora light brownish. First segment of tarsi whitish or 
shghtly tinged with brownish; second segment of tarsi blackish; claws light brown- 
ish. 

Stage III (Pl. 30, Fig. 3). Length, 2.61 mm., width of head including eyes, 
.85 mm. In this stage the general color is somewhat lighter than in the two preced- 
ing stages and the yellowish median stripe is considerably broader. It varies in 
extent and width but is usually about as shown in the figure. Head wholly tinged 
with brownish, with dark brownish or blackish on caudal margin inside eyes. Eyes 
and antenne as in preceding stage. Legs dark brownish or blackish except for the 
following parts: coxe, trochanters, extreme base of femora, and tip of middle and 
hind tibie and first tarsal segment, pale yellowish; tip of fore tibie, tip of femora, 
base of tibize, center of second tarsal segment, and the claws, light brownish. Met- 
athoracic wing-pads extend back to second abdominal segment and mesothoracic 
wing-pads noticeably produced backward. 

Stage IV (Pl. 30, Fig. 4). Length, 3.88 mm., width of head including eyes, 1. 57 mm. 
Markings variable but in general as shown in Gest, Paler than in preceding stage 
being rather light brownish. Head pale brownish. Median yellowish area broad 
on prothorax, narrowing on mesothorax, then wider on metathorax. Laterad of 
this area on the pro- and metathorax pale brownish, on mesothorax dark brownish. 
Abdomen with two large yellowish areas narrowly connected on the median line, 
bordered laterally with dark brownish. Eyes and antenne as in preceding stage. 
Legs yellowish brown, femora paler at base and tip. Fore tibie tinged with dusky 
except at base. First tarsal segment yellowish tipped with dusky; second segment 
dark brownish or blackish, lighter in middle; claws brownish. Wing-pads extend 
back nearly to third abdominal segment. 

Stage V (Pl. 30, Fig. 5). Length, 4.9 mm., width of head including eyes, 1.98 mm. 
Head pale brownish. Prothorax yellowish or brownish yellow, hind angles darker; 
mesothorax brownish except a yellowish median portion and a yellowish spot on 
either side of this, as shown in figure. Metathorax yellowish in center as in prece- 
ding stage; wing-pads pale brownish. First two segments of abdomen brownish yel- 
low, remainder of abdomen yellowish except the lateral margins of segments five to 
nine which are dark brown and a blackish band interrupted narrowly along the 
median line and including the posterior two-thirds of segment three and the whole 
of segment four. Antenne and eyes as in preceding stage. Legs light brownish; 
first segment of tarsi yellowish, second segment at base and tip, and the claws, 
tinged with brownish. Wing-pads extend back to middle of fourth abdominal seg- 
ment. 


Until about the fourth stage the nymphs remain feeding on the 
leaves. In the fourth and fifth stages they are found on the smaller 
twigs resting usually with the head directed towards the base of the 
branch. In this position they bear a striking resemblance, both in 
form and color, to the buds of the poplar. 
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Idiocerus gemmisimulans 
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Described from thirty-four adult specimens—thirteen females and 
twenty-one males. Reared on the common poplar, Populus deltoides 
Marsh, and from Lombardy poplar, Populus nigra italica Du Roi, at 
Ithaca, N. Y. The descriptions and drawings of the nymphal stages 
were made from living specimens. Types in the Cornell University 
collection. 

_ This species is most closely related to J. lachrymalis Fitch, from 

which it may be distinguished by the fact that the antenne of the 
males lack discs, the absence of the spots on the face, the less distinct 
spots on the vertex, and the presence of a blackish line on the tibie. 

THe Eace-Parasite. On May 20 it was noticed that parasites 
were emerging from the eggs of Idiocerus through a small round hole 
in the bark overlying the egg-clusters. Six specimens were secured 
of which four were females and two males. This species is apparently 
undescribed. 


Gonatocerus ovicenatus new species. 


Female (Pl. 31, Fig. 12). Length, 1 mm., ovipositor, 36mm. General color black, 
the eyes dorsally and posteriorly narrowly margined with white. A broad band on 
the vertex connecting the eyes and including the ocelli, whitish. Thorax and abdo- 
men uniform black. Ovipositor black, distal third bent slightly downward. An- 
tennz brownish, radicula slender, one half as long as the scape. The scape is com- 
pressed, widened below, the articulation with the radicula marked by a whitish 
band; pedicel obconic. The relative length of the segments of the antennz is indi- 
cated by the following ratio: radicula and scape, 36; pedicel, 18; funicle segments 
10, 12, 16, 15, 18, 17, 16, 16; club 40. Legs blackish, base and tip of front femora, 
front tibize, and tarsi of all the legs paler; terminal tarsal segments darker than basal 
segments. Wings hyaline. Front wing one-third as wide as long. Length of 
longest marginal cilia about one-fifth width of the wing. 

Male (Pl. 31, Fig. 11). Length,.9mm. In color similar to the female. Whitish 
markings on the head as in the female. Antennz brownish, thirteen segmented. 
The relative length of the segments of the antenne is indicated by the following 
ratio: scape 15; pedicel, 10; funicle segments, 20, 25, 24, 20, 22, 25, 25, 25, 22, 23, 22. 
Scape short, rounded below; pedicel broadly obconic; first funicle segment 
broader than succeeding segments; the segments of the funicle coarsely ridged 
longitudinally. 


Described from four females and two males, reared at Ithaca, N. Y., 
from the eggs of Idiocerus gemmisimulans Leonard and Crosby, May 
20, 1915. Types in the Cornell University collection. 

According to Girault’s table to the species of Gonatocerus (Trans. 
Am. Ent. Soc., 37: 273), this species would run fairly well to G. maga 
Girault, from which it may be distinguished by the antennal char- 
acters given above. 

Our thanks are due to Professor Osborn for examining our speci- 
mens of Idiocerus and comparing them with specimens in his collec- 
tion. 
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EXPLANATION OF PLATES 30 AND 31 


Fig. 1. Idiocerus gemmisimulans, first stage nymph. 

Fig. 2. Idiocerus gemmisimulans, second stage nymph. 

Fig. 3. Idiocerus gemmisimulans, third stage nymph. 

Fig. 4. Idiocerus gemmisimulans, fourth stage nymph. 

Fig. 5. Idiocerus gemmisimulans, fifth stage nymph. 

Fig. 6. Idiocerus gemmisimulans, adult male. 

Fig. 7. Idiocerus gemmisimulans, egg. 

Fig. 8. Idiocerus gemmisimulans, cluster of eggs in position. 


Fig. 9. Idiocerus gemmisimulans, face of male. 
Fig. 10. Idiocerus gemmisimulans, wing of male. 
Fig. 11. Gonatocerus ovicenatus, male. 

Fig. 12. Gonatocerus ovicenatus, female. 


THE POISONOUS EFFECTS OF THE ROSE CHAFER UPON 
CHICKENS 


By G. H. Lamson, Jr., Storrs, Conn. 


Serious losses have occurred each year during June and early July, 
from chickens having eaten the rose chafers (Macrodactylus subspi- 
nosus). These losses have often been ascribed to various causes but 
close observations have shown that the chickens are very fond of eating 
the insects and post mortem examinations have revealed the pres- 
ence of many undigested rose chafers in their crops. ‘The crops are 
usually so full as to give the impression that death had been due to 
a “‘crop-bound”’ condition of the chickens. Some have also supposed 
that these deaths were due to a mechanical injury of the crop by the 
spines on the legs of the insects having punctured the lining of this 
part of the digestive system while others have accounted for the death 
of these chickens by the rose chafers having bitten the crops. 

A number of cases, some of which resulted in the loss of several 
hundred chickens, were reported to the writer and experiments in 
feeding rose chafers to chickens were taken up at the Storrs Agricul- 
tural Experiment Station in 1909. 

The deaths from this diet usually occurred in from nine to twenty- 
four hours after feeding. This led the writer to believe that un- 
doubtedly death resulted from a cause other than a mechanical injury 
to the crop or ‘‘crop-bound”’ condition. An extract was made from 
crushed rose chafers and distilled water, filtered, and fed to chickens 
in varying doses with a medicine dropper and this resulted in a great 
many deaths. Small chickens died in a few hours after feeding, older 
chickens of heavier weight, when fed a small quantity of the extract, 
lived but showed signs of poisoning; large doses resulted in their deaths. 
Mature hens did not die from the poison. 

From 150 to 200 chickens have been fed either with the rose chafers 
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or with varying strengths of the extract to determine the weight of 
the chicken killed by a certain amount of poison, also to determine the 
age limit of the chickens killed. . 

The results may be summarized as follows: 15 to 20 rose chafers 
are sufficient to cause the death of a chicken a week old. From 25 to 
45 rose chafers are usually necessary to kill a three-weeks-old chicken. 
While some nine-weeks-old chickens have been killed by eating rose 
chafers, only one ten-weeks-old chicken was killed in these experi- 
ments. In the crop of this chicken there were 96 undigested rose 
chafers counted in post mortem examination. 

The chickens feed upon the insects ravenously, being attracted by 
their sprawly appearance and usually within an hour after eating they 
begin to assume a dosing attitude, later leg weakness shows and the 
chicken usually dies within 24 hours of having eaten upon these insects, 
or begins to improve after this time. ; 

In less than five per cent. of the deaths convulsions occurred. Post 
mortem examinations showed no abnormal condition of the organs. 
In order to exclude the possibility of arsenical poisoning due to the 
rose chafers having probably fed upon leaves that had been sprayed, 
tests were made by a chemist for arsenic, but no evidence of arsenic 
was found. Intravenous injections also were made in these experi- 
ments, extracts for injection being made from forty grams of rose 
chafer and sixty grams (cc.) of a salt solution having a specific gravity 
of .9 per cent. This extract was put in a centrifuge for five minutes, 
the extract drawn off in a pipette and filtered in vacuo. 

Three ce. of this extract was injected into a 690 gram rabbit in- 
travenously and this died in six minutes. Another rabbit, weighing 
1,435 grams, died after an injection of four cc. of this extract in three 
and one-quarter minutes. A small 610 gram rabbit, when injected 
with two and one-half eec., died in fifty-five seconds after injection, 
and a large 1,450 gram rabbit died in two hours and thirty-five min- 
utes after being injected with two ce. Other rabbits were injected 
and killed by this extract but further work needs to be done to de- 
termine what is a lethal dose for rabbits and also experiments in feed- 
ing rabbits per os will be taken up next summer. 

As near as the writer can determine, the rose chafers contain a 
neuro toxin, that has a direct effect upon the heart action of both 
chickens and rabbits and is excessively dangerous as a food for 
chickens. 

Owing to the fact that the insect feeds upon such a large number 
of plants it seems essential that chickens be kept in mowed fields and 
away from yards having grape vines and any flowering shrubs during 
the month when rose chafers are most numerous, especially during 
years when rose chafers are particularly abundant. 
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Scientific Notes 


Cyllene robinie and Crioceris in Colorado. I regret to have to record the 
appearance in Boulder, Colo., of two pests which I have not observed before, and 
which have presumably been very recently introduced. Three times, during Septem- 
ber and October of this year, I have picked up specimens of Cyllene robinie Forst., 
which have been crushed on the pavement by the feet of the passersby. Also this 
fall my wife has twice found specimens of Crioceris asparagi L. in the bags covering 
sunflower heads. They must have come from adjacent patches of asparagus. 

T. D. A. CocKERELL. 


The Edibility of Insects. Very little has been done recently toward testing the 
edibility of many species of very abundant insects which theoretically must have 
a very positive food value, but at my suggestion Mr. J. J. Davis and Mr. D. G. 
Tower at La Fayette, Ind., have recently experimented to some extent with the 
eggs and larve of Lachnosterna. They find that Lachnosterna eggs crisply fried in 
butter are excellent, having a taste very much like a fine grade of bacon. The 
larvee, fried in butter and eaten with bread in the form of a sandwich, were not at 
all disagreeable, having a fresh fatty taste. They ate the heads and all, and the 
heads were crisp and caused no inconvenience. ‘This line of experimentation seems 
to me very well worth while, and field agents having the opportunity and disposition 
are urged to experiment in this direction when it can be done easily and without 
loss of time. L. O. Howarp. 


An Eriococcus on Gaylussacia. Some time ago we received from Dr. E. P. 
Felt specimens of an Evriococcus on twigs of Gaylussacia, collected at Hammond, N. Y. 
The pure white female sacs are of the usual form, 2.25—2.50 mm. long. The surface 
rough with protruding filaments; female in sac bright red (in H. azalew it is dark 
purple, almost black); larve bright. raspberry red. The following measurements in 
microns are from the adult female: antennal joints, (1) 48-45, (2) 23-25, (8) 35-38, 
(4) 28-30, (5) 13-15, (6) 13-15, (7) 28; middle leg, trochanter and femur, 115, tibia, 
80, tarsus, 105, claw, 28. The caudal lobes are prominent, about 88 long, with bristles 
about 112. Bristles of anal ring 68 long; average dermal spines about 40. There is a 
denticle near apex of claw. This insect is quite distinct from those previously 
recorded from the Eastern States and from Europe, but we find it impracticable to 
separate it from the western E. borealis Ckll., except as a rather small variety. £. 
borealis is known from the Alaskan region down the Rocky Mountains to New Mexico 
and it is not surprising to find it in New York state. It feeds on several species of 
woody plants. 

T. D. A. Cock&RELL and ELizABETH ROBINSON. 


Soft Maple Leaf Midge (Rhabdophaga aceris Shim.). This species establishes 
itself in the unfolding, succulent leaves of the white or soft maple, preventing the 
normal expansion of the affected lobes and when there is a serious infestation, one or 
more lobes of the affected leaves may curl and die. The full grown larve are stout, 
yellowish-white or yellowish-orange, especially anteriorly, and about 2 mm. long. 
They occur mostly on the tip of the leaf, lying along the principal or lateral veins of 
the lobes. The probabilities are that the midges oviposit on the unfolding leaves or 
at least the tips of the leaves. Infestation is presumably favored by conditions 
producing a rapid, succulent growth. Pupation is on the leaf, in a yellowish-brown, 
irregularly oval cocoon about 1.5 mm. long. The final transformations are rapid, 
probably being completed within 48 hours and possibly within 24 hours. 
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This insect has been unusually abundant in the vicinity of Albany and has caused 
material injury in the case of small trees. It has also been reported to us the past 
summer by Mr.S. B. Fracker from northwestern Iowa and as very common in south- 
eastern Wisconsin. Watching for the earliest signs of injury to the developing leaves 
and prompt spraying with a contact insecticide is the most promising method of 
controlling the midge. Dige Leesa) Dou oA yp 


The Desirability of Host Labels for Parasites. Recently, while looking over a 
systematic paper prepared by one of the parasitologists of the bureau, I noted that 
the data concerning hosts which accompanied the description were sometimes 
lacking and generally insufficient. For many years I have kept a card catalog of 
the recorded host relations of parasitic Hymenoptera, and a duplicate of this card 
catalog is now in the hands of Mr. Harry S. Smith of Sacramento, who is arranging 
it for possible publication under our joint authorship; and this is the reason why I 
have especially noticed this point. When field workers send in parasites for deter- 
mination, many of which will of course be new to science, it is of great importance 
from my point of view that host labels should accompany the specimens. Of course 
a biological number referring to ‘‘Webster Notes”’ or ‘‘ Hopkins Notes”’ or ‘ Bureau 
Notes” wiil eventually enable some one to find out the facts concerning the host 
insects, but it is perhaps too much to expect of a systematic worker that he write 
for these data to headquarters, or to the field men, since often field notes are not 
sent in for months, and it frequently happens that the systematist is desirous of 
publishing immediately. Further the mere name of the host is not sufficient, but 
the stage should also be mentioned; that is, whether the parasite issued from the 
egg, from the larva, or from the pupa of the host. L. O. Howarp. 


Gall Midges in an Orchard. Observations on a quiet, lowery morning in a 
Baldwin orchard at Spencerport, N. Y., July 29, 1915, revealed an interesting con- 
dition in that thousands of small midges, a species of Parallelodiplosis, were to be 
seen hanging from spiders webs. The webs were rather common at the base of the 
larger branches, in a few instances had a transverse diameter of six or seven inches, 
and were composed of several layers or series of webs, the latter separated from each 
other by a distance of half an inch or more. It was easy to find series of five or ten 
midges on strands of the smaller webs, the insects being about one-fourth of an inch 
apart, arranged in rows, swaying freely with gentle breezes, and mostly on the lee 
side of the trees. The tendency of the midges was to alight side by side as nearly as 
they could without disturbing adjacent insects, and the regular arrangement was 
determined by the plan of the web, the flies naturally resting upon the larger, stouter 
threads. It was not uncommon to find hundreds, and in a few cases six or eight 
hundred of these midges upon the larger webs, and in the case of the latter they might 
be four or five deep, due to the several layers of the web offering attractive resting 
places. The small flies were timid and easily disturbed, though with care it was 
possible to approach within two or three feet without alarming many of the insects. 
On being disturbed, the midges would swarm about their haunts for a brief time and 
then slowly return in much the same way as commonly observed among flocks of 
birds. There was no evidence to show that the spider architects preyed to any 
considerable extent upon the midges, though the latter were far more abundant than 
any other form of life. A few midges were observed resting upon the trunk, espe- 
cially clinging to fragments of webs, though retreats of this character were distinctly’ 
less favored by the insects. 

This appears to be a fairly common habit among the smaller gall midges, at least, 
and similar observations in regard to several species and genera have already been put 
on record. DD ed Iaaoye sy 
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Another Nodule-Destroying Beetle. Records of insect larve which destroy- 
the root nodules of legumes are apparently scarce. In addition to the Chrysomelid, 
Cerotoma trifurcata (pp. 261-266), it seems worth while to record an Otiorhynchid, 
Eudiagogus rosenschoeldi Fahrs. Late in August, 1913, the writer found that the 
nodules on the roots of Sesbania macrocarpa growing at Greenwood, Miss., were 
injured, but the insect which caused the damage was not present. The injury to 
the nodules was characteristically different from that caused by Cerotoma, and in 
view of the fact that adults of Hudiagogus rosenschoeldi had been previously observed 
feeding on the foliage of this plant, it seemed strongly probable that the larve of 
this beetle were responsible. During the following year Mr. C. F. Turner of the 
Bureau of Entomology found the larve responsible for this injury. He reared the 
adults and they proved to be the species suspected. 

The nodules on the roots of this plant are very numerous and almost spherical. 
The larve are much more robust than those of Cerotoma, and they gnaw into one 
side of a nodule and out on the opposite side. All that is left of the nodule is a con- 
vex ring of epidermal tissue. When these injured nodules were first observed, 
practically all on the plants had been destroyed in this way. The larve probably - 
feed on the roots as well. 

Adults of this beetle have been taken during the winter hibernating in clumps 
of Andropogon virginicus and between the husks and under the leaf sheaths of standing 
corn stalks. The host plant does not appear above ground until May and adults 
have not been observed between the last of June and the middle of August. Adults 
were taken August 15 at Clarksdale, Miss.; August 23, at Elizabeth, Miss.; August 
28, at Hardee, Miss., where they were found in copulo, and at West Memphis, Ark., 
September 23. There is probably but one generation a year in this region. 

The beetle has been recorded as feeding on Cassia occidentalis, C. obtusifolza, 
Sesbania vesicaria, and on Xanthoxylum clavaherculis (see Pierce, W. D., ““On the 
Biologies of the Rhynchophora of North America,’ University of Nebraska, 1907, 
pp. 256-257, and Mitchell, J. D., and Pierce, W. D., ‘‘The Weevils of Victoria 
County, Texas,” Proc. Ent. Soc. Wash., Vol. 18, 1911, p. 50). Its principal hosts 
are thus seen to be legumes. While it is not known to damage cultivated species, 
the fact that it does defoliate Xanthorylum would indicate that it is capable of vary- 
_ ing its food plants. With the draining of the swamps and the decrease in its native 
hosts, 1t may some time become a pest, especially upon some of the introduced forage 
plants. 

W. R. McConneE tt, 
Bureau of Entomology. 


Notes on Some Unusual Nursery Insects. Pseudococcus kraunhie! Kuwana 
(Homop.). This mealy bug was found during July, 1915, at Rutherford, N. J., on 
Taxus cuspidata brevifolia growing in a nursery. It had evidently been established 
for several years and only recently became abundant enough to cause noticeable 
injury. Mrs. Fernald, in her catalog of the “‘Coccide of the World,” gives its habitat 
as Japan and host plant as Kraunhia floribunda. Some of the infested plants at 
Rutherford originally came from Japan. 

Antonina crawi! Ckll. (Homop.). This insect, known as the cottony bamboo scale, 
was taken in considerable numbers at Riverton, N. J., August 6, 1915, on Bambusa 
henonis and Bambusa aurea, to which it was doing considerable damage by collecting 
in large colonies in the leaf axils of the young shoots or canes. ‘This also isa Japanese 
species which occurs in California. 


1Tdentified by Mr. Rust of the U. 8S. Bur. Ent. 
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Trioza magnolie Ashm. (Homop.). These ‘‘jumping plant lice”? were exception- 
ally abundant on bay trees at Rutherford, N. J., during July, resulting in a deforma- 
tion of almost every leaf on the trees. Tobacco extract and whale oil soap was found 
effective in controlling them. 

Pteronus hudsonit Dyar (Hymen.). Larve of this saw-fly were found for the first 
time in New Jersey feeding on Populus canadensis at Rutherford and Trenton during 
the middle of August, 1915. The larve feed on the edges of the leaves and when 
disturbed thrash their abdomens about more or less violently. 

Otiorhynchus sulcatus Fab. (Coleop.). This weevil, which is listed in Insects of 
New Jersey as occurring in different parts of the state, has recently become somewhat 
of a pest on rhododendrons and Taxus in several large nurseries. Dr. A. D. Hopkins 
gives the following interesting information about this species. 

“Otiorhynchus sulcatus is & European species which has been established in this 
country a considerable number of years. In central Europe it is known accord- 
ing to Sorauer, to feed on grape vines, ground berries, peaches, flowers with juicy 
roots or root stalks, ferns and particularly Taxus and rhododendrons. It occurs 
there in light sandy or clay soils, in desert lands, meadows, forests, etc.; also in hot- 
houses and manure piles. It seriously injures grapes by eating the leaves and buds 
in the spring. The principal damage is by the larve which seriously affect or even 
kill the stems. Their development is very uneven; normally the mature larva 
hibernates and pupates in the spring but also young larve from eggs laid late in the 
season hibernate and feed in the spring until pupation; some of the beetles issuing 
from the latter may again hibernate so that the same individual may hibernate twice. 
In general their seasonal history in this country is very similar to that of O. ovatus. 
Adults emerge from the soil during May, June and July and oviposit during June— 
August. The eggs are laid in the ground and the larve which hatch about two 
weeks later feed on the roots of their favorite plants. After hibernation they resume 
feeding in the spring and pupate in the soil during April and May. Trapping the 
adults by means-of bundles of moss, leaves, straw, etc., placed on the ground in the 
evening and burned in the morning, is the most effective control method in Europe 
and likewise here. Advantage may also be taken of their habit to congregate in ~ 
hiding during the day under boards and similar places.” Dr. Hopkins advocates a 
thorough trial with tobacco dust for combating them after they are once in the 
ground. No determined effort has ever been made by New Jersey nurserymen to 
control this pest, it being considerably cheaper to sell the insects along with the 
plants. 

Harry B. Weiss, New Brunswick, N. J. 


Sedentary Aphids vs. Spread of Fire Blight. In a recent number of Phy- 
topathology I have tried to show that aphids are among the chief carriers of fire blight. 
An experiment seemed necessary at the time these tests were made to investigate 
the published statements that aphids are sedentary in habits while the Heteroptera 
so far studied on apple are not. If aphids are extremely sedentary, they can not 
rank as chief carriers. Let us see. 

First, prolonged study showed that the six or seven different species of apian: 
now reported on apple, are far from synchronous in their May to midsummer migra- 
tions. There is thus a nearly continual shifting of the aphis population, independent 
of enemies, interrupted only by each cooler weather period. Fire blight is likewise 
checked during the cooler periods of the growing season, but during optimum tem- 
peratures may be opportunely spread by aphids and leaf hoppers of one or the other 
shifting species. 

Second, aphids are shown not to be sedentary with reference to a single shoot. 
An infested sprig of blighting crab was placed in a bottle of water in the laboratory. 
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The aphids slowly retreated downward to the cotton plug in the neck of the bottle 
where those which did not transform into winged aphids died, presumably from 
starvation. Under orchard conditions, such aphids should, in the Jight of the series 
of tests reported in Phytopathology, scatter blight to other shoots. It has since been 
observed in nature by Jones! who watched a colony of A. pomi vacate a blighting 
shoot, each individual descending to the base and going up fresh twigs. In thus 
scattering, they carried infection to seven surrounding clean shoots which blighted 
within a few days following their attacks. This may help explain the continued 
activity of blight in many trees where thorough pruning has been resorted to, and 
supports the view that aphids are among the chief carriers. 

_ Third, intensive study of fertile stem mothers and later fall-bearing females shows 
that some mothers drop all their young in a very circumscribed area, on a given 
leaf or shoot, while others wander considerably before they are all through bearing 
young. Neither method of grouping young can be called unique for any particular 
species. Furthermore, injury to a young twig such as when blight attacks it, would 
produce some migration as shown by the above experiments. Under such conditions 
is it very important to consider the aphids as particularly sedentary? 

Further observations on the habits of these aphids and other common Homoptera 
ought to be made before we may decide definitely which type of insect is most serious 
in the distribution of the germs of fire blight, after bees have stopped working in 
the blossoms. 

: A. C. Burritt, 
Department of Economic Entomology, University of Wisconsin. 


English Sparrows and Spread of San josé Scale.2 The English sparrow has 
been considered, with other wild birds, as carrier of the pernicious scale, but I am 
not aware that any very thorough study of the relative value of different birds as 
carriers has been made. 

The following note compiled from a survey for the extermination of scale in Wingra 
Park, an isolated suburb of Madison, Wis., is a statistical attempt to produce further 
proof against the sparrow. ‘The district surveyed was bounded on the south by a 
lake, on the east by a vacant marsh, on the north by a railroad cut and open lots, 
and on the west by farm fields, so that we may safely say that there was no possi- 
bility for the presence of scale within two or three city blocks of the surveyed infested 
area. In this circumscribed area we may suppose the English sparrow to be the 
only undomesticated bird species which would normally restrict its flight to so small 
an area, and serve as local carrier for short distances, since comparative psychol- 
ogists consider the English sparrow very local in its habits of flight. 

The area contained sixty-four infested city lots. In these lots all infested woody 
plants were either within one hundred feet of each other, or within one hundred 
feet of some place where English sparrows regularly came to feed. Places 
counted as English sparrow feeding centers were barns occupied by horses where 
grain feed was regularly exposed in manure piles, and chicken coops, where garbage 
and grain were regularly exposed. 

The apparent relation between these feeding places and nearby woody plants 
is revealed by a study of the bird’s habits. It is the habit of these birds, when com- 
ing towards feeding places, to fly into the branches of a woody plant to see that the 


1Jones, B. J. The natural modes of distribution of fire blight. Mo. Bul. State 
Com. Hort. Cal., 3, 12:505-11, 1914. 

2 Published with the permission of Prof. J. G. Sanders, Wenerinient of Economic 
Entomology, University of Wisconsin. 
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coast is clear, before descending to the ground to feed. In the same way, when they 
are suddenly disturbed, they fly back to an adjacent woody plant before going off, 
or returning to feed. Upon correlating this habit with the majority of infested plants 
I found that the infestations were not as near the main streets as they were to the 
alleys back of the lots, and that the feeding places—all barns, chicken coops and 
garbage—were invariably next the alleys. 

The fact that these same feeding places are most often visited by human occupants 
of the land may be said to somewhat invalidate the theory that the sparrow is 
chief carrier. In rebuttal note that woody plants in the front yards‘and near the 
going and coming of the occcupants of the houses were less often infested. Thus 
human carriers and their most frequented routes did not usually coincide with the 
local infestation. ‘This argues for considering birds and not men as the chief ¢ cause 
of infestation in the Wingra Park residence district of Madison. 

Further details support the general conclusion. Of the several hundred city lots 
in Wingra Park, the tally of feeding places is as follows: three spots where garbage 
is openly scattered, but where chickens are not fed; forty-seven chicken coops and 
twenty-eight barns sheltering horses. The exact number within the general area 
of sixty-four infested lots is thirty chicken coops, and twenty-three barns, and all 
but three of these coops and one of the barns failed to have scale infestations within 
one hundred feet of them. Thus, about 90 per cent of the coops and barns within 
the infested area had scale located on nearby trees and shrubs, and about 85 per 
cent of the infested lots had sparrow feeding places on or next to them. 

In some large trees only upper branches were infested, undoubtedly caused by 
perching birds. Sparrows regularly perch to bask in the sun when not feeding. 
Many of the infested trees and shrubs were in sunny, sheltered spots where sparrows 
regularly perch. The fact that twenty-two similar feeding points outside the exact 
infested area failed to show scale may be attributed to the hazards of chance and 
to the fact that sparrows fly short distances at any one time. Thus, if scale were 
on the birds when they retired to their nests, the scales would probably perish over 
night in hiding on the bird, in crawling off the bird and in wandering about the nest 
and eaves. No sparrow nests were noted in the trees, still further reducing the 
chances of scales to locate on host plants. 

No native wild bird appears to have the exact feeding habits of the English sparrow, 
and, therefore, does not seem to fit the actual conditions of infestation as found. 
I should be glad to hear from other inspectors and entomologists if they differ from 
the way in which I have tried to apply the actual facts to the theory that English 
sparrows are chief carriers of scale in a closely settled residence district. 

A. C. BURRILL, 
Depariment of Economic Entomology, University of Wisconsin. 
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The convincing or popular value of figures is well brought out in 
the article on estimating the number of grasshoppers. The man on 
the street has a liking for definite figures and the man on the farm 
is very like him in this respect. The successful entomologist 
must be enough of a psychologist to correctly estimate the value of © 
various methods of presentation and it would seem that in some cases, 
at least, figures might be used a little more freely with great advantage. 
We do not mean by this, the more general employment of tables for 
the presentation of scientific data, useful though they may be, but 
the translation of familiar and vaguely appreciated infestations, for 
example, into definite, easily grasped mathematical equivalents. It 
would be even better, as suggested by this writer, if the hordes of 
insects could be valued in terms of produce necessary to their develop- 
ment. 


It will be noted elsewhere in this issue that an entomologist holding 
an important position and apparently giving excellent satisfaction, 
has not been reappointed by a state executive. Knowing nothing 
of the details of the situation, we can only call attention to the well- 
known fact that uncertainty of tenure of office means a lowered eff- 
ciency in scientific work and especially is that true of a science dealing 
with such immense numbers of forms as are found among insects and 
which respond in so diverse ways to climatic and other influences. It 
should require little argument to demonstrate that a man with six 
years’ experience in such a responsible position and meeting success- 
fully its many and varied requirements would of necessity, in addition 
to prerequisite knowledge, possess.a vast fund of practical experience 
of immeasurable value to the state which has profited by his services. 
If this is a removal on political grounds, then, we believe, the state 
has been unfortunate in the selection of its chief executive, and the 
continuance of such a policy means irreparable loss to the material 
interests of its citizens. 
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Current Notes 
Conducted by the Associate Editor 


. C. A. Good has been appointed assistant entomologist at the Nova Scotia 
ee nee al College. 


J. H. Fabre, the French entomologist, and the author of a number of popular books 
about insects, died October 11. 


Messrs. Leroy Childs and G. F. Moznette have severed their connection with the 
Oregon Station, where they held positions as research assistants in entomology. 


Mr. C. L. Scott, Bureau of Entomology, has been transferred from the Brownsville 
(Tex.) station to Wellington, Kan. 


Mr. F. L. McDonough, Bureau of Entomology, was occupied during October in 
determining the limits of the dispersion of the boll weevil. 


Dr. E. A. Back, Bureau of Entomology, in field charge of the Mediterranean 
fruit-fly investigations in Hawaii, has returned to Honolulu. 


Mr. W. H. Larrimer, Bureau of Entomology, formerly located at the Wellington 
(Kan.) field station, has been detached and stationed temporarily at Missoula, Mont. 


Mr. E. R. Barber, Bureau of Entomology, has returned to New Orleans after an 
extensive trip to determine the extent of the territory infested by the Argentine ant. 


Mr. Harold Lyon, a graduate of the Massachusetts Agricultural College, class of 
1913, is now studying at the Bussey Institution, Harvard University, Forest Hills, 
Mass. 

Dr. E. A. Back, Bureau of Entomology, in charge of Mediterranean fruit-fly inves- 
tigations in Hawaii, visited Washington on August 19 for consultation with reference 
to future work. 


Professor H. F. Wilson of Oregon State College, has gone to the University of Wis- 
consin as professor of economic entomology to take the place of Professor J. G. 
Sanders. 


Mr. R. J. Fiske, a graduate of the Massachusetts Agricultural College, class of 
1910, is now engaged in codling moth investigations for the Bureau of Entomology 
at Roswell, N. M. 


Mr. W. T. M. Forbes, a specialist in Lepidoptera, has been appointed to a position 
on the staff of the entomological department of the College of Agriculture of Cornell 
University. 

Professor E. D. Sanderson is now a graduate student at the University of Chicago, 
where he expects to remain for two years or perhaps onger. His present address is 
1109 East 54th Place. 


Mr. J. R. Christie, formerly a student at the New Hampshire Agricultural College, 
is now instructor in zoélogy and entomology at the Maryland Agricultural College 
and assistant entomologist in the Station. 


Mr. F. C. Bishopp, Bureau of Entomology, during the month of August investi- 
gated a serious outbreak of horse flies in Nevada and California upon which assist- 
ance had been asked by the Nevada Experiment Station. 


Mr. Wallace L. Chandler, formerly of the University of Califernia, has recently 
been called to Cornell University, where he will give instruction and conduct investi- 
gations in parasitology as a member of the entomological department. 
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_ Mr. F. A. Fenton, a graduate student of the University of Wisconsin, and for a 
time deputy nursery inspector in the same state, has joined the Federal Bureau of 
Entomology and will be engaged in work with Mr. J. J. Davis at Lafayette, Ind. 

Mr. Henry L. Viereck is no longer connected with the California State Commission 
of Horticulture, where he has recently been assistant superintendent of the insectary 
at Capitol Park, Sacramento. 

Mr. August Busck, Bureau of Entomology, has returned to Washington from the 
Hawaiian Islands where he carried on an investigation of Gelechia gossypiella for 
the Federal Horticultural Board. 


Mr. Eric Cogan, Bureau of Entomology, temporarily employed at the Charleston 
(Mo.) field laboratory, has resumed his studies at Ohio State University. Mr. 
Cogan is specializing in Jassidea. 

Miss Myrtle Duckett has been appointed a student assistant in the Bureau of 
Entomology to assist in recording the results of the wintering experiments in apicul- 
ture. 

Mr. R. J. Kewley, Bureau of Entomology, recently attached to the staff at the 
La Fayette (Ind.) station, has been detailed to assist Mr. A. B. Gahan at College 
Park, Md. 


Mr. E. W. Scott, Bureau of Entomology, employed in connection with the enforce- 
ment of the Insecticide Act, made a trip of investigation through Georgia and Florida 
during late October. 

Dr. A. D. Hopkins returned to his office on October 27 from Kanawha Station, 
W. Va., where he was on leave and continued his observations on phenological 
phenomena, forest and wood-boring insects. 

Mr. E. J. Newcomer, Bureau of Entomology, will spend the winter months at 
his permanent field quarters, Wenatchee, Wash., and will give attention to questions 
connected with the winter life of certain orchard pests. 


Mr. John B. Gill, Bureau of Entomology, engaged in pecan insect investigations, 
has returned to his field headquarters, Monticello, Fla., from an extended trip 
through the Gulf States in connection with the study of pecan insects. 


Mr. H. H. Kimball, Bureau of Entomology, who has been associated with D. L. 
Van Dine at Mound, La., will transfer his work to New Orleans where he will assist 
Dr. W. V. King in bodtae Anopheles mosquitoes. 


The Siamese grain beetle (Lophocateres pusillus Klug) has been reported Me Brok: 
E. 8. Tucker, at Baton Rouge, La., injuring rice. This species is not common in 
this country, but has been found in Texas, South Carolina, and received from foreign 
countries. 

Mr. E. J. Branigan, field deputy of the California State Commission of Horticul- 
ture, is temporarily located at the Pasadena Station, Bureau of Entomology, dis- 
tributing Leptomastix sp., a parasite of the citrus mealy bug (Pseudococcus citrt). 
This parasite was recently introduced from Sicily. 


Professor H. A. Ballou, Entomologist on the staff of the British Imperial Depart- 
ment of Agriculture, for several years stationed at Barbados, West Indies, is studying 
during his vacation at the Massachusetts Agricultural College, from which he grad- 
uated in 1895. 

Mr. Alfred B. Champlain, assistant forest entomologist of the Bureau of Ento- 
mology, is now at Lyme, Conn., where he is making observations on the hickory 
bark beetle and other borers, and at the same time is receiving medical treatment for 
an ailment of the stomach. 

4 


558 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8 


Mr. Edward Riley King of Creola, Ohio, a former deputy state inspector of apia- 
ries and secretary of the Ohio Beekeepers’ Association, has been appointed a member 
of the teaching staff of the College of Agriculture of Cornell University, where he 
will conduct the new courses in apiculture. 


Mr. F. B. Paddock has been appointed entomologist in charge at the Texas Agri- 
cultural Experiment Station and State Entomologist to succeed Mr. Wilmon Newell 
who has gone to Florida as State Plant Commissioner. By virtue of law the state 
entomologist is in charge of the foul brood eradication work. 


At the New Hampshire College, Mr. W. A. Osgood, class of 1915, has been ap- 
pointed assistant to Professor W. C. O’Kane and will be engaged in state work. He 
began his duties September 1. Mr. Raymond Bean, class of 1915, has been appointed 
assistant to Professor C. F. Jackson in the department of zodlogy. 


In connection with the wintering investigations at the apiary of the Bureau of 
Entomology, tests are now being made of the thermal conductivity of various double- 
walled hives and of the coefficient of transmission of heat of the various parts of the 
hive to determine the best methods for constructing such hives. 


Mr. David L. Crawford, formerly entomologist and horticulturist for the Mexico 
Gulf Coast Citrus Association, Tampico, Mex., has submitted for publication, in the 
Department of Agriculture, a manuscript on the Mexican orange fly, Anastrepha 
ludens Loew. 


The Bureau of Entomology has received from Mr. C. F. Stahl, Spreckels, Cal., 
a sample of walnuts badly infested by the Mediterranean flour moth, Ephestia 
keuhniella. ‘These were obtained in October of the present year. It also occurs in 
peanuts in the East. 


Mr. H. B. Scammell, Bureau of Entomology, will spend the winter at his field 
station, Brown Mills, N. J., and will give special attention to questions connected 
with the hibernation of cranberry insects. Mr. R. J. Fiske will also spend the 
winter at his field headquarters, Roswell, N. Mex. 


Mr. T. C. Barber, Bureau of Entomology, delivered a number of addresses on 
the boll weevil in Georgia during October. This work was a part of the plan of 
the Georgia State Board of Entomology to give special instructions to the planters 
in the districts which have recently become invaded by the boll weevil. 


Mr. H. A. Morgan, director of the Tennessee Experiment Station, recently visited 
Louisiana, in company with Dr. W. D. Hunter of the Bureau of Entomology, for 
the purpose of making suggestions regarding the conduct of the boll-weevil work, 
and the work on malaria mosquitoes. 


At the Kansas College and Station, Dr. Paul S. Welch, who has been engaged in 
the investigation of staple crop insects for the Station, is now giving his entire time 
to college work as assistant professor of entomology. Mr. W. P. Hayes has been 
added to the station staff as assistant in entomology, and will investigate the insects 
attacking staple crops. 


Mr. Frank N. Wallace has been appointed State Entomologist of Indiana to suc- 
ceed Charles H. Baldwin. Mr. Wallace was Chief Deputy under Benjamin W. Doug- 
lass, who was State Entomologist of Indiana from 1907 to 1911. During the past 
four years Mr. Wallace has been engaged in horticultural consultation work and has 
been called to orchards in many parts of the country. 


December, 715] CURRENT NOTES 559 


Mr. A. C. Baker, Bureau of Entomology, has reported for permanent duty in 
Washington and will be engaged in systematic studies of the Aphidide and Aleyrod- 
ide. The*biological studies of orchard plant lice in progress at the Vienna (Va.) 
laboratory will, however, be continued by Messrs. A. C. Baker and W. F. Turner, 
Mr. Turner remaining at the laboratory at Vienna. 


Mr. E. G. Carr, Bureau of Entomology, spent the month of October in the moun- 
tain section of North Carolina and reports that beekeeping is not well developed 
there but that there is a wonderful opportunity for making it an important phase 
of agriculture since there is an abundance of nectar and plenty of bees to gather it 
if properly cared for. 


Mr. R. 8. Woglum, Bureau of Entomology, recently visited San Diego, Cal., for 
the purpose of investigating a species of Pteliobius injuring olive. This olive insect 
was found to be established in various sections of San Diego County. Breeding 
occurs only in the dead wood. However, the adults cause considerable injury to 
living trees, especially to the smaller twigs, by boring into and feeding on the bark. 


Among insects which have been reported as causing injury during the year are 
the spotted cutworm (Noctua c-nigrum L.) and the variegated cutworm (Peridroma 
margaritosa Haw.). The last-mentioned species was especially numerous and was 
reported as occurring in Brownsville, Tex., where it was injurious to onions, and 
found commonly on weeds and grasses; also along the coast of California and at 
Norfolk, Va. . 


Dr. E. F. Phillips made plans to leave about November 20 to attend meetings 
of beekeepers in Ontario, Ohio, Chicago and Springfield, Ill., Kansas, Minnesota, 
Wisconsin, Indiana, Iowa and Michigan. This circuit of meetings was arranged to 
make it easier for those interested to attend. The meeting at Grand Rapids, Mich., 
is the fiftieth convention of the Michigan society and elaborate preparations are 
being made for it. 


Among the visitors at the Bureau of Entomology during October were the following: 
C. P. Lounsbury, chief of the Division of Entomology of the Union Department of 
Agriculture, South Africa; H. A. Ballou, entomologist on the staff of the Imperial 
Department of Agriculture for the West Indies; C. W. Leng, New York; W. T. 
Davis, Brooklyn; W. 8. Blatchley, Indianapolis; J. v. d. H. Schreuder, Pretoria, 
South Africa. 


Mr. F. R. Cole reports to the Bureau of Entomology that the tachinid parasite, 
Siphona plusie Coq., has been reared from the cabbage looper (Autographa brassice) 
from Whittier, Pasadena and Compton, Cal., the last locality being furnished by 
Mr. J. E. Graf. This species was described from Autographa californica Speyer 
from Southern California. Another parasite attacks this species but it has not 
been reared or identified as yet. 


Dr. Alden T. Speare has recently been appointed a specialist in insect diseases 
in the Bureau of Entomology and will make a thorough study of entomogenous 
fungi, with a view to their practical utilization if possible in insect control. He will 
be glad to receive specimens of diseased insects from all sources, and the material 
should be accompanied with full data as to the host-species, extent of outbreak. of 
the disease, locality, ete. / 


According to press reports, Professor Gordon M. Bentley, State Entomologist of 
Tennessee, has not been reappointed. The following excerpt. is from The Southern 
Florist for October: ‘Despite the petitions and urgent requests of fruit growers, 
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nurserymen, farmers and business men generally Governor Rye, through the new 
commissioner of agriculture, refused to reappoint Prof. Gordon M. Bentley to the 
important position of state entomologist of Tennessee.” 


The office of State Entomologist has recently been established in Wisconsin, to 
take over the nursery and orchard inspection and administration of the laws gov- 
erning insecticides and fungicides. It is to be independent of the University of Wis- 
consin, with headquarters in the State Capitol at Madison. Professor J. G. Sanders 
comes from the College of Agriculture to be the first incumbent of the office and Dr. 
S. B. Fracker, an instructor in the same department, has been appointed assistant 
entomologist. 


The spinach leaf-miner (Pegomyza vicina Lintn.) has been reported as injuring garden 
beets during June and July at Green Bay, Wis., by Mr. N. F. Howard, working tem- 
porarily for the Bureau of Entomology. It has also been reported injuring spinach 
at Woods Holl, Mass., the correspondent stating that after the spinach was boiled 
the little white maggots could be seen on the surface. It may be remembered that 
those who have tried kerosene emulsion for the insect as it occurs in the mines have 
obtained no results. 


== 
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Some interesting species of insects injurious to stored products have recently been 
collected. One is the broadheaded flour beetle (Latheticus oryze Waterh.), reported 
by Mr. F. B. Miliken in two mills at Wichita, Kans. The files of the Bureau of 
Entomology show that this species was also reported at Wichita Falls, Tex., in 1909, 
and at Lyons, Kans., in July, 1908. It is common in Texas, and has only in recent 
years spread widely to other regions; for example, to Baton Rouge, La., Elizabeth- 
town, Ill., and Detroit, Mich. 


The semitropical army worm (Prodenia eridania Cram.) has been reported, with 
accompanying specimens, as being injurious at Hastings, Fla. This army worm 
appeared in a field of cowpeas, traveled to a field of sweet potatoes, and crossed a 
ditch by means of overhanging weeds into another field of cowpeas and corn. It was 
impossible to spray the cowpeas and corn, but the correspondent stated that he could 
save the sweet potatoes by other treatment. Several other reports have been made 
of an insect which is probably this species, though it has not been positively identified. 


Mr. T. E. Snyder, Bureau of Entomology, left on October 23 for a ten-day trip 
to Savannah, Ga., Virginia and Tennessee. At Savannah he inspected treated 
telephone poles for resistance to insect attack. ‘This work is being done in coépera- 
tion with the American Telegraph and Telephone Company. In the latter states he 
inspected the control work against the southern pine beetle by the Forest Service 
in the White Top Purchase Area and to mark newly infested trees for further control 
work. 


The fifty-second annual meeting of the Entomological Society of Ontario was held 
at Ottawa, November 4 and 5 under the presidency of Dr. C. Gordon Hewitt, the 
Government Entomologist. The program was varied and most interesting, and the 
meeting was very successful, a goodly number being in attendance. Dr. H. T. 
Fernald gave an illustrated lecture on: “Life Zones in Entomology and their Rela- 
tion to Crops.’”’ There were a number of economic papers, one of the more interest- 
ing dealing with the extraordinary outbreak of Lygus invitus by W. Brittain. A full 
account of this meeting will appear in the annual report of the Society, a publication 
well and favorabiy known to American entomologists. 
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Dr. E. F. Phillips, Bureau of Entomology, attended a meeting of the farm demon- 
strators of North Carolina at Raleigh on August 21 and 23 for the purpose of arrang- 
ing for a new line of work soon to be undertaken. It is planned to make a survey of 
the state for the purpose of determining the possibilities of building up beekeeping 
and to test out, in codperation with the county agents, various lines of extension 
work. E. G. Carr, deputy state apiary inspector for New Jersey and a director of 
the National Beekeepers’ Association, has been appointed to do the field work on 
this project and will begin work on October 1. Mr. Carr has had extensive experi- 
ence as a practical beekeeper and has served as inspector for several years. 


Mr. J. R. Horton, Bureau of Entomology, in field charge of the citrus fruit insect 
investigations in Louisiana, recently submitted an account of the hurricane which 
passed through southern Louisiana on September 29. He reports that in an experi- 
mental orchard at Venice fully 95 per cent of the oranges were blown off the trees, » 
many of them being carried considerable distance. Orange trees were literally 
whipped to pieces and the foliage discolored, as though scorched by fire. Practically 
all of the ant traps and fumigation covers at Happy Jack were destroyed. Many 
lights were broken out of the laboratory windows in New Orleans, and one chimney 
was blown down. A large percentage of the cages used in fig-borer experiments 
were blown over, and many of the specimens disappeared. Mr. Horton left New 
Orleans on September 28, and was at a point near Doullutt’s Canal, which was 
in the worst section of the storm. 


Recently two new wire cages have been added to the Eastern Field Station of the 
Bureau of Entomology at East Falls Church, Va. Both of these consist of a tem- 
porary framework with a concrete foundation and covered with a lattice roof and 
completely screened in with 14-mesh galvanized screen wire. One of these is to be 
used for experiments dealing with insects injurious to crude forest products and the 
study of the life history of various secondary insects. The other one is to be used 
for life-history studies of the introduced Evetria buoliana and Diprion simile. In 
constructing this cage great care has been used. It is to be double-walled and to 
have a vestibule entrance. Every possible precaution has been taken in building 
this cage because of the danger of liberating specimens of these injurious forest 
insects. In this cage it is planned to grow various species of pines which may serve 
as hosts of the two imported species. The experiments are to be conducted entirely 
on growing trees and under conditions which very closely approximate those found 
in nurseries and forests. 


Mailed December 10, 1915. 
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ARTICLE [I 
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ArticLe III 
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Section 1. The officers shall consist of a president, one vice-president, and an 
additional vice-president for each section, who shall be elected annually, and a secre- 
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tary who shall be elected for a term of three years, who shall perform the duties 
customarily incumbent upon their respective offices and as defined in the by-laws. 
The above officers shall act as the Board of Directors and shall pass on any urgent 
matters that cannot be deferred until the annual meeting. The president shall not. 
hold office for two consecutive terms. 


ARTICLE IV 


Annual Meeting—Quorum 


Section 1. The annual meeting shall be held at such time and place as may be 
decided upon by the association at the previous annual meeting and special meetings 
may be called by order of the Board of Directors. Twenty members shall con- 
stitute a quorum for the transaction of business. 


ARTICLE V 


Amendments 


Secrion 1. All proposed alterations or amendments to this constitution shall be 
referred to a committee of three at any regular meeting, and after a report from such 
committee, may be adopted by a two-thirds vote of the memhers present; Provided, 
That a written notice of the proposed amendment has been sent to every active mem- 
ber of the association at least one month prior to the date of action. 


BY-LAWS 


ARTICLE [| 


Of Members 


Section 1. The classes of members are defined in the constitution as are their 
rights to vote or hold office. Members of all kinds have equal privileges as to pre- 
sentation of papers and in scientific discussions at the reguiar meetings, and may, by 
permission of the presiding officer, speak on business questions before the association. 

Section 2. All members in good standing have equal rights to the publications of 
the association or to any publications controlled or distributed by the association. 


ARTICLE II 


Of Officers and Their Duties 


Section 1. It shall be the duty of the president, in addition to the ordinary duties 
of the presiding officer, to prepare an address, to be delivered at the annual meeting 
over which he presides. He shall also appoint the necessary committees at the first 
session of the annual meeting. 

Section 2. It shall be the duty of the secretary to make the necessary arrange- 
ments for the meetings of the association and keep a record of the proceedings for 
publication, to provide the necessary stationery and attend to the general corre- 
spondence. He shall collect moneys due, pay all bills incurred by the association, 
submit a report at each annual meeting, and perform such other duties as may be 
delegated to him. 

Section 3. All officers and standing committees unless otherwise provided for 
shall be elected by ballot after recommendations have been made by a nominating 
committee. 
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ArTICLE III 


Dues 


Section 1. The annual dues of active members shall be one dollar and fifty cents, 
and the dues of associate members one dollar, which shall be payable in advance. 
No dues shall be payable from foreign members. Annual dues shall not include 
subscription to the Journal of Economic Entomology. 


ARTICLE IV 
Of Meetings 

Section 1. Notice of the time and place of meetings shall be sent for publication 
to all American entomological periodicals. The proceedings shall be published as 
decided by the association. 

Section 2. Special meetings shall be called as provided for in the constitution, 
and notice of such meeting shall be given by the Secretary by mailing to each active 
member a formal notification of the time and place of the meetings at least two 
weeks before the date fixed in the notice. The notice shall state the reason for such 
meeting, and shall specify the business to be transacted, and no other business shall 
be transacted. 

SecTIon 3. The order of business at. regular meetings shall be, at the first session: 
. Calling the meeting to order by the president. 

. Reports of officers. 

. Reports of committees. 

. Appointments of temporary committees. 
. Written business communications. 

. Verbal business communications. 

New business. 

. Annual address of the president. 

. Program of papers and discussions. 

. Adjournment. 

At the following session: 

1. Discussion of the president’s address. 

2. Program of papers and discussions. 
At the following sessions: 

1. Program of papers and discussions. 

Business can only be introduced at these sessions by vote of the association. 
At the last regular session: 
. Program of papers and discussions. 
. Reports of appointed committees: 
Miscellaneous business. 
. Election of officers. 
. Fixing time and place of next meeting. 
. Adjournment. 
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ARTICLE V 


Amendments to By-Laws 
Section 1. Changes in these by-laws may be made by a two-thirds vote at any 
regular meeting; Provided, notice in writing of the proposed amendment be sent to | 
every active member at least two weeks before the date of the meeting, at which 
time it can come up for consideration. 
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The following amendment to the Constitution is suggested to complete the direc- 
tions for procedure and is published herewith because of its greater accessibility. 
Add a new section to Article II, as follows: 

Section 4. The publication of the Journal of Economie Entomology shall be 
entrusted to an Editor, an Associate Editor and a Business Manager nominated by 
an Advisory Committee of six members, which latter shall be elected for terms of 
three years so arranged that two shall be elected annually. The members of this 
committee shall have an advisory relation to the above constituted Editorial Board. 


TWENTY-EIGHTH ANNUAL MEETING OF THE AMERICAN 
ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


Columbus, Ohio, December 27 to 30, 1915 


The twenty-eighth annual meeting of the American Association of 
Economic Entomologists will be held at the Ohio State University, 
Columbus, Ohio, beginning December 27 and ending December 30, 
1915. The meetings will be held in Botany and Zooélogy Hall in that 
institution. 

The opening session will begin at 1.30 p. m., Monday, December 27. 
The annual reports and reports of committees will be presented then 
and the address of the president delivered. The meeting of the 
general association will be continued on Tuesday, at 10.00 a. m., 
1.30 p. m. and on Wednesday at 1.30 p.m. The final session will be 
held on Thursday at 10.00 a. m. 


Sectional Meetings 


The meeting of the section on Apiary Inspection will be held at 8.00 
p. m. Monday, December 27, at which time the regular business of 
the section will be transacted and a program of papers presented. The 
meeting of the section on Horticultural Inspection will be held Tuesday 
at 8.00 p. m. and Wednesday at 10.00 a. m. 


Other Meetings 


The American Association for the Advancement of Science and its 
affiliated societies will hold meetings throughout the week. The 
meeting of the Entomological Society of America will begin on Wednes- 
day, December 29, and continue on Thursday and possibly on Friday. 
The public lecture before that society will be delivered on Wednesday 
evening, December 29, by Dr. C. Gordon Hewitt, Entomologist of the 
Dominion of Canada. A meeting of the instructors and investigators 
in apiculture will be held on Tuesday morning, December 28. 


Smoker 


The entomologists of Ohio will tender all visiting entomologists a 
smoker which will be held on Wednesday evening immediately 
after the public address. 
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Hotel Headquarters 


The hotel headquarters of this Association has been selected at the 
Southern Hotel, South High Street, from which cars run direct to the 
Union Station and to the university. The rates for rooms, European 
plan, are as follows: single rooms, without bath, $1.50 per day; double 
rooms, without bath, $2.50 and up per day; single rooms, with bath, 
$2.00 per day; double rooms with bath, $3.50 and up per day. As 
there will be a large attendance at the meeting, rooms should be 
engaged well in advance. 


Railroad Rates 


The exact data on railroad rates are not available. Members should 
consult their local ticket agents or agents in the nearest large cities 
where reductions in rates are likely to apply. Information can un- 
doubtedly be secured from the regular announcement of the meeting 
of the American Association for the Advancement of Science. 


Official Buttons a 


Official buttons of the Association will be furnished to members 
whose dues for 1916 are paid. Application for buttons should be 
made to the Secretary at the time of the meeting. 


Membership 


Application blanks for membership may be secured from the Sec- 
retary or from members of the committee on membership. 


Program 
Monday, December 27, 1915, 1.80 p.m. 
Report of the Secretary. 


Report of executive committee, by President Glenn W. Herrick. 
Report of employment bureau, by W. E. Hinds, Auburn, Ala. 


Report of committee on nomenclature, by Herbert Osborn, Columbus, 
Ohio. 


Report of committee on entomological investigations, by W. E. Hinds, 
Auburn, Ala. 


Report of committee on bibliography of economic entomology by 
EH. P. Felt, Albany, N. Y. 


Appointment of committees. 


Miscellaneous business. 


5) 


Action on the following proposed amendment to the constitution; 


Section I, Article III, insert the words ‘‘branch or’”’ before the 
word ‘‘section”’ in line two so that the first sentence of Sec- 
tion I will read as follows: ‘“‘The officers shall consist of a 
president, one vice-president and an additional vice-president 
for each branch or section who shall be elected annually, and 
a secretary who shall be elected for a term of three years, who 
shall perform the duties customarily incumbent upon their 
respective offices and as defined in the by-laws.” 


Action on the following proposed amendment to the by-laws: 


Add a new section to Article II as follows: “Section IV. The 
publication of the JouRNAL oF Fconomic ENTomMo.Loey shall 
be entrusted to an editor, an associate editor and a business 
manager nominated by an advisory committee of six members 
which latter shall be elected for terms of three years so ar- 
ranged that two shall be elected annually. The members 
of this committee shall have an advisory relation to the 
above constituted editorial board.”’ 


New business. 


Annual address of the President, Glenn W. Herrick, Ithaca, N. Y., 
“The Need of a Broad, Liberal Training for the Economic 
Entomologist. ”’ 


READING OF PAPERS 


“Further Notes on Diprion simile Hartig,” by W. E. Britton, New 
Haven, Conn. (5 minutes.) 


Notes on the distribution, injury, number of generations and parasites of this 
European sawfly in Connecticut. 


*“A Preliminary Report on the Life Economy of Solenopsis molesta 
Say,” by J. W. McColloch, Manhattan, Kans. (12 minutes.) 


This paper will present the data thus far obtained on the life history of the 
kafir ant. 


“Some Insects of Solanum carolinense L., and their Economic Rela- 
tions,’’ by M. P. Somes, Mountain Grove, Mo. (10 minutes.) 


A review of life history of certain insects found on this weed and their de- 
velopment when transferred to related economic plants. 


“Concerning Problems in Aphid Ecology,” by Edith M. Patch, Orono, 
Me. (15 minutes.) 


An outline indicating certain phases of aphid study with especial reference to 
life cycle work with migratory species. 
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“‘Tife History Notes on Apeteticus cynicus and maculiventris,” by 
R. D. Whitmarsh, Wooster, Ohio. (3 minutes.) 


“Distribution of Periodical Cicada in Ohio for the years 1906, 1914 
and 1915,” by H. A. Gossard, Wooster, Ohio. (5 minutes.) 
Lantern. : 

Maps of the areas in which they appeared and remarks thereon. 


“‘Honey as a Carrier of Pear Blight Germs,’”’ by H. A. Gossard, Woos- 
ter, Ohio. (10 minutes.) Lantern. 


Adjournment. 


SECTION OF APIARY INSPECTION 


kK. F. Parurps, Chairman. ~- N. E. SHaw, Secretary. 


Program 
Monday, December 27, 8.00 p. m. 
Address by the Chairman, E. F. Phillips, Washington, D. C. 


READING OF PAPERS AND DISCUSSIONS 

“The Desirability of Inspection Work from the Standpoint of Queen 
Breeders,”’ by E. R. Root, Medina, Ohio. 

“Some Difficulties in Cross Diagnosis of Disease,” by A. H. MlcCray, 
Washington, D. C. 

‘Outline of Apiary Inspection in Ontario,”’ by Morely Bove Guelph, 
Ontario. 

“Suggestions for Efficiency and Economy in Apiary Inspection Serv- 
ice,” by H. A. Surface, Harrisburg, Penn. 


Adjournment. 
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AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


Program 
Tuesday, December 28, 10.00 a. m. 


Discussion of the Presidential Address. 


READING OF PAPERS 


“The Columbine Leaf Miner,” by E. N. Cory, College Park, Md. 
(10 minutes. ) 
- Life and seasonal history. Control. 


“Observations on the Turnip Louse,”’ by F. B. Paddock, College Sta- 
tion, Texas. (15 minutes.) 


Bionomical observations made upon this insect in Texas during two years’ study 
of the pest. 


“Fumigation of Animals to Destroy their External Parasites,” by 
William Moore, University Farm, St. Paul, Minn. (15 min- 
utes.) 

An account of a new material which can be used to fumigate animals and destroy 
their parasites without injury to the animal. 


“The Clover Leaf Tyer, Ancylis angulifasctana,” by H. A. Gossard, 
Wooster, Ohio. (7 minutes.) Lantern. 
Life history, character of damage and control. 


“‘ Dasyneura ulmea Felt, an Elm Pest,”’ by J. 8S. Houser, Wooster, Ohio. 
(5 minutes.) Lantern. 
Causes malformations on the terminal twigs of elm. 


Adjournment. 
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Program 


Tuesday, December 28, 1.30 p.m. 


READING OF PAPERS 


“A New Method of Subterranean Fumigation,” by J. S. Houser, 
Wooster, Ohio. (12 minutes.) Lantern. 


“‘Sulphur-Arsenical Dusts Against the Strawberry Weevil,” by T. J. 
Headlee, New Brunswick, N. J. (15 minutes.) Lantern. 


Among the fifteen different treatments given the plants just as the weevils begin 
their work; the sulphur arsenical dusts gave the best results and afforded a 
high degree of protection. 


‘““The Effect of Contact Insecticides on the Larve of Syrphide, by 
C. L. Metcalf, Columbus, Ohio. (7 minutes.) 


““The Accurate Determination of the Nicotine Content of Spraying 
Solutions,” by V. I. Safro, Louisville, Ky. (15 minutes.) 


‘‘Arsenic on Fruit and Forage Following Spraying,” by Walter C. 
O’Kane, Durham, N. H. (15 minutes.) Lantern. 
Sheep poisoning; Loss of lead arsenate residues on hay; maximum residues on 


fruit; conclusions as to factors determining amount of residues. 


““The Control of the Grape Berry Worm, Polychrosis viteana,”’ by 
W. H. Goodwin, Wooster, Ohio. (10 minutes.) Lantern. 


This paper deals with the life history in northern Ohio and the development of 
control methods for the berry worm. 


‘Notes on the Control of the Lesser Peach-tree Borer,” by J. L. King, 
Cleveland, Ohio. (15 minutes.) Lantern. 
Cultural methods such as pruning and cultivation; also time to “worm the trees.” 
‘‘Climate and Variations in the Habits of the Codling Moth,” by 
HK. P. Felt, Albany, N. Y. (10 minutes.) 


This paper is concerned chiefly in recording variations observed in New York 
State and attempts to explain these by local variations in temperature. 


“Life History of the Pecan Twig Girdler,’”’ by 8. W. Bilsing, College 
Station, Texas. (15 minutes.) Lantern. 7 


The life history of the pecan twig girdler (Oncideres texana); methods of control; 
injury done; food plants, etc. 


Adjournment. 


a ~ 
SECTION OF HORTICULTURAL INSPECTION 


W. E. Rumsgy, Chairman. J. G. SanpErs, Secretary. 


Program 
Tuesday, December 26, 8.00 p. m. 


(Detailed program of this section will be available at the meeting.) 


Wednesday, December 29, 10.00 a. m. 


(Detailed program will be available at the meeting.) 


AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


Program 
Wednesday, December 29, 1.80 p. m. 
READING OF PAPERS 
‘Notes on Crambide,’’ by engine G. Ainslie, Nashville, Tenn. (5 


minutes. ) 


A brief outline of the economic significance of Crambide and notes on the work 
earried on at Nashville. 


““A Study of the Life History of the Maize Bill Bug,” by Wm. P. 
Hayes, Manhattan, Kans. (12 minutes.) Lantern. 
Distribution in Kansas, economic importance, life history and habits, and 


methods of control. 


“The Small Pink Corn Worm, Batrachedra rileyi, in Mississippi,’’ by 
R. W. Harned, Agricultural College, Miss. (5 minutes.) 


Brief notes on occurrence of this insect in Mississippi. It must be ranked as a 
pest of considerable importance. 
“The Economic Status of the Seed Corn Maggot, Pegomyia fusciceps,” 
by W. J. Schcene, Blacksburg, Va. (8 minutes.) 
A discussion of the food plants and the condition of the food attacked. 
“‘Records of Lachnosterna in Wisconsin,” by J. G. Sanders, Madison, 
Wis. (15 minutes.) Lantern. 


Report on the results of using trap lanterns for capturing May beetles. 
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‘““A Progress Report on White Grub Investigations,’’ by John J. Davis, 
West Lafayette, Ind. (10 minutes.) 


Summary of Lachnosterna investigations to date. ae 


‘Notes on Pegomyia hyoscyami Panz.,”’ by E. N. Cory, College Park, 
Md. (10 minutes.) 


Life and seasonal history. 


‘“Notes on the Biology of Pegomyia brassice Bouche,” by W. J. 
Schcene, Blacksburg, Va. (10 minutes.) 
A presentation of the more important observations on the life history of the 
species. 
‘An Investigation of the Supposed Immunity of Some Varieties of 
Wheat to the Attack of Hessian Fly,” by L. Haseman, Colum- 
bia, Mo. (15 minutes.) 


A brief summary of the first year’s work, including data collected from plots of 
different varieties of wheat grown side by side, together with notes on some 
chemical and physiological variations in the different varieties. 


‘““The Hessian Fly Train,” by George A. Dean, Manhattan, Kans. 
(12 minutes.) Lantern. 
A brief account of the Hessian fly infestation in the state; the organization of the 
special train; how the train was conducted and the results accomplished. 
““County Codperation to Prevent Hessian Fly Damage,” by H. A. 
Gossard, Wooster, Ohio. (5 minutes.) 


This paper describes a method by which an entire county was kept solidly in 
line, almost no one sowing until advised by the county agent and Station 
Entomologist to do so. 


Adjournment. 


Program 


Thursday, December 30, 10.00 a. m. 


READING OF PAPERS 


“Dispersion of Musca domestica Linnzeus under City Conditions,” by 
Ralph R. Parker, Bozeman, Mont. (15 minutes.) Lantern. 


An account of dispersion experiments conducted on a large scale. 


“An Appreciation of the Hawaiian Parasite Introduction Work,” by 
L. O. Howard, Washington, D. C. (15 minutes.) Lantern. | 
A brief account of observations made and facts learned on a visit to Oahu in 


August, 1915—an effort to show more emphatically than has hitherto been 
done, the importance of the results accomplished. 
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“Life History and Habits of Two New Nematodes Parasitic on In- 
sects,’ by Joseph H. Merrill, Manhattan, Kans. (12 minutes.) 


One of these nematodes is parasitic upon Saperda tridentata and the other upon 
Leucotermes lucifigus. 


““Some Non-bacterial Insect Diseases,” by J. W. Chapman, and R. 
‘W. Glaser, Forest Hills, Mass. (15 minutes.) Lantern. 


Methods of diagnosis, distribution and etiological investigations. 


FINAL BUSINESS 


Report of committee on auditing. 

Report of committee on resolutions. 

Report of committee on membership. 

Report of other committees. 

Nomination of Journau Officers by Advisory Committee. 
Report of committee on nominations. 

Election of officers. 

Miscellaneous business. 

Fixing the time and place of next meeting. 

Final adjournment. 


A. F. Buraesss, Secretary, GLENN W. Herrick, President, 
Melrose Highlands, Mass. Ithaca, N: Y. 
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Lieut.-Col. C. Brrt, R. A. M. C. R. T. Lereer, D. Sc., M. B MCh Be 

ANDREW Batrour, C.M.G., M.D., D.P.R. F, M. Sanpwitu, M. D., SRECuD: 
Cantab. J. HENDERSON SMITH, M. a ChB. 

Atpq CasTELLANE, M. D. C. M. Wenyovn, B. Sc., M. B., B.S. 

Captain S. R. Dovetas, I. M.S. (ret’d) WARRINGTON York, M. D. 


H. B. Fantuam, D. Sc. 


The Honorary Managing Committee and Staff of the Bureau are as follows: 
Chairman:—THE RicutT HONQUEAEIE Se A ea vena GC. Bs GacCaMaGs 


Sir Joun Rose Braprorp, K. C. M.G., F.R.S. Sir Ronaup Ross, K. C. B., F. B.S. 
Surgeon-General Sir Davip Brucz, C. B., F. STEWART Stockman, M. R.C. V.S 

R. S. J. A. C. Tititey (Representing ie Foreign 
Surgeon-General Sir HavELock CuHaR gs, I. M. ©ffice and Sudan Gorerment) 

S52 G. C2. BD. H. J. Reap, C. M. G. (Representing the Colon- 
Bt.-Lieut.-Colonel Sir WiLtt1am B. LEISHMAN, ial Office), 

RAS Nae ob: RS. WITH 
Sir Joun M’ FADYEAN, Nig CC: V.S; A. BERRIEDALE Keita, M.A., D.C. L., of the 
Sir Patrick Manson, G. C. M.G., F. B.S. Colonial Office, as Secretary. 


Assistant Director:—G. C. Low, M. A., M. D., Lecturer, London School of Tropical Medicine. 
Librarian:—R. L. SHEPPARD. 
ANNUAL SUBSCRIPTION, £1 1s. post free. SINGLE NUMBERS, Is. 6d. 


The Roessler & hlassiacher chemical Co. 


100 William Street, New York 
Works: Perth Amboy, N. J. - 


“CY ANEGG” 


Fumigating Cyanide 
in Egg Shape. 
Each egg weighs as near one ounce as possible. 


For generating Hydrocyanic Acid Gas. 


The only positive eradicator of the San José Scale, 
Red and Black Scale and other insect pests. 


Please mention the Journal of Economic Entomology when writing to advertisers. 
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“ORCHARD BRAND” 
SPRAY MATERIALS 


Will be furnished free of charge, in small quantities, to ento- 
mologists and pathologists for experimental purposes. We want 
our materials tested and retested in order that we may correct 
any defects that may be detected. ‘Orchard Brand”’ Spray 
Materials represent the highest standard of quality and efficiency 
and it is our purpose to maintain this standard at any cost. 

Our Research Department is composed of experts'in entomol- 
ogy, pathology, and chemistry, and it is their 
business to analyze, test, and direct 
the use of all spray materials 
manufactured by the 
Company. 


We are not 
only equipped to furnish 
the growers with good, reliable 
materials, but also with correct information as to 
their uses in the treatment of insects and diseases. The follow- 
ing is a partial list of our products: 


Lime-Sulphur Solution Atomic Sulphur 

Soluble Oil Bordeaux Mixture—Paste 

Arsenate of Lead—Standard Bordeaux Mixture—Powder 
Arsenate of Lead—Tri-plumbic Bordeaux-Arsenate of Lead mixture 
Arsenate of Lead—Powder Bordeaux-Arsenite of Zinc mixture 
Arsenite of Zinc—Paste Blue Stone 

Arsenite of Zinc—Powder Sulphur 


Cc. P. Chemicals 


THOMSEN CHEMICAL COMPANY 
BALTIMORE, MD. 


BRANCHES: 
Syracuse, N. Y. St. Louis, Mo. Fort Valley, Ga. 
San Francisco, Cal. 


Please mention the Journal of Economic Entomology when writing to advertisers. 


‘Two minutes 
saves each tree 


against Gypsy, Brown-tail and Tussock 
Caterpillars, Canker Worms, Climbing 
Cut Wormsand Ants. It is also effective 
against any crawling insects attacking 
fruit, shade or ornamental trees. 


iil 


Tree Tanglefoot saved 
the tree on left 


For Tree Surgery 


Tree Tanglefoot is superior to anything on 
the market—it is the best application after 
pruning or trimming. It will water-proof the 
crotch of a tree or a cavity or wound in a tree, 


when nothing else will do it. 


Sold by All First-Class Seed Dealers 


1-lb. cans 30c; 3-lb. cans 85c;10-lb. cans $2.65; ~ 
20-lb. cans $4.80, and 25-lb. wooden pails $5.95. 

Write today for illustrated booklet on Leaf- 
eating Insects. Mailed free. 


THE 0. & W. THUM COMPANY 


117 Straight Ave. Grand Rapids, Mich. 


Manufacturers of Tanglefoot Fly 
Paper and Tree Tanglefoot 


Band Trees About Two Weeks 
Before Insects Appear and 
Get Best Results 


Easily applied with wooden paddle. One pound 
makes about 10 lineal feet of band. One applica-. 
tion stays sticky 3 months and longer—outlasting 
10 to 20 times any other substance. Remains 
effective rain or shine. Won’t soften—won’t run 
or melt, yet always elastic, expanding with 
growth of tree. No mixing, simply open can 
and use. Will not injure trees. 
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WARD’S NATURAL SCIENCE ESTABLISHMENT 


84-102 COLLEGE AVENUE, ROCHESTER, N. Y. 


Entomological Supplies of all kinds, including 
the only genuine hand-made Schmitt 
Insect Boxes and the well known Amer- 
ican Entomological Co.’s Insect Pins. 


Write for E-30, free catalogue of Entomological Supplies; E-125, Life Histories of 
Insects of Econemic Importance; also special lists of 
Lepidoptera, Coleoptera, etc. 
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HANDBOOK OF MEDICAL ENTOMOLOGY 


Wm. A. Riley, Professor of Insect Morphology and Parasitology, and 
O. A. Johannsen, Professor of Biology, Cornell University. 


A concise, up-to-date reference and text on parasitic and poisonous insects, espe- 
cially those ‘which transmit disease, with keys for determining the principal species 
affecting man. Invaluable to entomologists, physicians and health officers. 


Bound in library buckram. 8vo. Now Ready. 250 pp. Fully Illustrated. 
Postpaid $2.20 


Prospectus on application. 


THE COMSTOCK PUBLISHING COMPANY ls Cornell Heights, ITHACA, N. Y. 


IT IS A WELL KNOWN FACT THAT FLIES CARRY DISEASE; AN EASY 
METHOD OF EXTERMINATING THE FLY IS AS FOLLOWS: 


INSTRUCTIONS: Prepare a solution of nine parts of water to one part of 
FORMALDEHYDE, pour in a flat saucer, and add a teaspoonful of sugar. Place in 


the middle of the solution a small sponge, piece of bread or rag. Renew solution 
every day. 


USE IT IN YOUR HOME 
FOR ALL USES OF Formaldebyde IN THE HOUSEHOLD AND OTHERWISE, ADDRESS 
PERTH AMBOY CHEMICAL WORKS, 
100 WILLIAM STREET, NEW YORK. 


The above method is strongly recommended by physicians and such authorities as 


the Chicago Board of Health. 


Be sure to specify Perth Amboy Chemical Works Formaldehyde when ordering 
through your wholesale or retail druggist. 


“Pp, A. C. W.’’ FORMALDEHYDE can now be secured in original 
sealed 1-lb. bottles, at 35c. a bottle. 


Entomological Books For Sale 


A large number of books, reports, bulletins, etc., relating to 


American Economic Entomology, always on hand. Lists of 
desiderata invited. 

Best prices paid for Entomological and Ornithological Liter- 
ature. 


JOHN D. SHERMAN, JR. ; ‘ 
403 Seneca Avenue - - MOUNT VERNON, N. Y. 
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TO DESTROY == 


APHIS, THRIPS, PEAR PSYLLA, 
GRAPE LEAF HOPPER, Etc. 


WITHOUT INJURY TO FOLIAGE 


SPRAY WITH 


“BLACK LEAF 40” 


A CONCENTRATED SOLUTION OF NICOTINE SULPHATE, 


“Black Leaf 40” is highly recommended by experiment sta- 
tions and spraying experts throughout the entire United States. 

Owing to the large dilution, neither foliage nor fruit is stained. 

Also, ‘“‘“Black Leaf 40” is perfectly soluble in water—no clog- 
ging of nozzles. 


PRICES: 


10-Ib. Can. $10.75 Makes 1500 to 2000 gallons for Pear 
Thrips, with addition of 3 per cent. dis- 
tillate of oil emulsion; or about 1000 gal- 
lons for Green Aphis, Pear Psylla, Hop 
Louse, etc., or about 800 gallons for 
- Black Aphis and Woolly Aphis—with 
addition of three or four pounds of any 
good laundry soap to each 100 gallons of 
water. 
2-lb. Can, $2.50. 


Y4-lb. Can, 0.75. 


If you cannot obtain “Black Leaf 40” from a local dealer, 
send us P. O. Money Order, and we will ship you by express at 
the above prices (for the United States), prepaying the expressage 
to your nearest railroad town in the United States. There isa 
duty charged on all shipments made into Canada. 


THE KENTUCKY TOBACCO PRODUCT COMPANY 


INCORPORATED 


LOUISVILLE, KY., U. S. A. 
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The 
JOURNAL OF ECONOMIC 
BIOLOGY 


Edited by WALTER E. COLLINGE, M.Sc., F.L.S., F.E.S. 


Contains articles treating of all branches of Eco- 
nomic Biology, Entomology, Parasitology, Mycology, 
ete. Fully illustrated by lithographic plates and text 
figures. A few sets of Vols. 1-8 still remain, price 
21s. each. Volume 9, now in course of publication, 
will consist of four parts, price 21s. 

All editorial communications should be addressed to 


Walter E. Collinge, 59 Newhall Street, Birmingham, 
and all subseriptions to 


London: DULAU & CO., Ltd., 37 Soho Square, W. 
Berlin: R. FRIEDLANDER & SOHN. 


IMPORTANT NOTICE 
TO ALL SUBSCRIBERS 


q All Subscribers are requested to notify the Business Manager 
if any change of address is desired. 


q The Mailing List is carefully prepared for each issue and 
each subscriber is requested to immediately report any failure 
to receive the Journal. Unless such Notice is received from 
Subscribers in the United States within sixty days or from 
foreign Subscribers within ninety days from date of mailing 
the issues, the missing numbers will be furnished only at the 
regular published rate. 


A. F. BURGESS, Business Manager 
MELROSE HIGHLANDS, MASS., U. S. A. 
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LEPIDOPTERA BOXES 
GREATLY IMPROVED 


12 x 8in., lined with compressed turf, 
$5.00 per doz. 
Lined with Asta cork, $6.00 
per doz. 
SCHMITT BOXES. 


First lot of 1000 Standard style will 
be ready within a few weeks. 


Sample box at $1.00 

EXHIBITION CASES. 
DEPARTMENT OF NATURAL SCIENCE 122x16x2%" “*° 1.20 
404--410 W. 27th St. NEW YORK, N.Y. 14x22x2%2" “ 2.00 


A Good Spray Pump earns big 
profits and lasts for years. 


THE ECLIPSE 


isa good pump. As practical 
fruit growers we were using 
common sprayers in our own 
orchards—found their defects 
and invented the Eclipse. Its 
success forced us to manufac- 
turing on a large scale. You 
take no chances. We have 
done all the experimenting! 
Large, fully illustrated Catalog 
and Treatise on spraying Free. 


MORRILL & Mortey Mea. Co. 


Box 9, Benton Harbor, Michigan 


om Destroy Tree Pests 
: «« Kill San Jose Scale, Apple Scab, Fun- 
Ever hate. Bi, lice, bugs and other enemies of 
Jv weawers vegetation by spraying with 
SBE ” @ CAUSTIC 
ee. GOOD StcrassFISH OIL 
aS SOAP NCS 
Does not barm the trees— fertilizes 
; Z the soil and aids healthy growth. 
= Used and endorsed by U.§. Dept. 
of Agrioulture. FREE.—Our valuable book on Tree 
and Plant Diseases. Write for it today. 
JAMES GOOD, Orig’l Maker 939-41 N. Front St., Phila. 
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Known the world over as ** THE WORLD'S BEST” 


All the subscribers to this paper 
are undoubtedly familiar with 
Deming Pumps, and many of you 
have operated them. In our 
latest Catalogue are some new 
developments in spraying appara- 
tus that will interest you. We 
should like to send you a copy. 


Agcoetenonnmnanexcnecconsnninng: 
ep cosaecronnceemmmoanni orca 


Sa eee PETS 


The above cut illus- 
trates our famous 
‘“Sampson”’ double 
acting hand sprayer 
with upright lever. 
The picture to the 
left is our Fig. 765 
double acting power 
sprayer which can 
be belted to any en- 
gine and is good for 
200 lbs. pressure. 


The Deming Company 18 Depot St., Salem, Ohio | 


MANUFACTURERS OF 
HAND AND POWER PUMPS FOR ALL USES 


General Distributing Houses in All Principal Cities 
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| SCPOWER 
SPRAYING 


would have saved 
these trees 


This cut illustrates two of the several hun- 
dred beautiful elm trees, killed by the ELM . 
LEAF BEETLE, in one of our largest Uni- 


versity cities, because they were not sprayed. 
Does a similar problem confront you? 


If so, let us tell you about our method by 
which laige trees may be sprayed for a few 
pennies each. 


Among those using our HIGH DUTY 
sprayers are: United States Department of 
Agriculture; United States War Department; 
United States Capitol Grounds; District of 
Columbia ; Massachusetts State Forester; 
Massachusetts Metropolitan Parks; Massa- 
chusetts Metropolitan Water and Sewerage 
Board; Cities of Boston, Mass.; Albany, N. 
Y.; Providence, R. I., and over 100 others. 


We manufacture and sell over 90% of the 


HIGH DUTY sprayers used in the United 
States. 


Catalog on request. 


FITZHENRY GUPTILL COMPANY 


49 Washingt Street, North 135 First Street 
BOSTON, MASS. EAST CAMBRIDGE, MASS. 


Spraying for the ELM LEAF BEETLE with our Standard ‘A’. United States Capito] Grounds. 
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SWIFT'S 


STANDS FOR 


Quality «° Efficiency 


sf 


Manufactured Only By The 


MERRIMAC CHEMICAL 
COMPANY 
BOSTON. - =... = = MASS 


HEMINGWAY'S LEAD ARSENATE 


is made by a firm with 35 years’ experience in the manufacture 
of arsenical spray materials. It possesses perfect miscibility with 
maximum sticking power, is 20% stronger than the federal law 
requires, and is selected by the discriminating fruit grower and 
shade tree expert. 


HEMINGWAY'S “CAASCU” 


Pronounced “K. S. Q.” 


is a combined Insecticide and Fungicide for spraying or dusting 
on potato plants, grapevines and general truck crops. It kills 
the foliage-eating insect and prevents blight. 


For literature and prices write to Dep’t J, 


HEMINGWAY G COMPANY, Inc. 


NO. 1 BROADWAY, NEW YORK 
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ORCHARD BRAND 
mERAY MATERIALS 


SRANDARD OF OUALITY. :: MAXIMUM OF EFFICIENCY 


B T S* Atomic Sulphur 
Lime Sulphur Solution Bordeaux Mixture 
Arsenate of Lead, Dry or Paste Bordeaux Lead 
Arsenite of Zinc, Dry or Paste Bordeaux Zinc 


Arsenate of Lime, Powder 


*B TS is a dry Barium Sulphur Compound and is a complete substitute 
for Lime Sulphur Solution. 


Manufactured by 


THOMSEN CHEMICAL COMPANY 
BALTIMORE, MARYLAND 


G. R. CusumMan, Manager W.M. Scort, Entomologist and Pathologist 
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Two minutes 
saves each tree 


against Gypsy, Brown-tail and Tussock 
Caterpillars, Canker Worms, Climbing 
Cut Wormsand Ants. It is also effective 
against any crawling insects attacking 
fruit, shade or ornamental trees. 


Band Trees About Two Weeks 
Before Insects Appear and 
Get Best Results 


Easily applied with wooden paddle. Cne pound 
makes about 10 lineal feet of band. One applica- 
tion stays sticky 3 months andlonger—outlasting 
10 to 20 times any other substance. Remains 
effective rain or shine. Won’t soften—won’t run 
or melt, yet always elastic, expanding with 
growth of tree. No mixing, simply open can 
and use. Will not injure trees. 


Tree Tanglefoot saved 
etreeonleft 4 


For Tree Surgery 


Tree Tanglefoot is superior to anything on 
the market—it is the best application after 
pruning or trimming. It will water-proof the 
crotch of a tree or a cavity or wound in a tree, 
when nothing else will do it. 


Sold by All First-Class Seed Dealers 


1-lb. cans 30c; 3-lb. cans 85c;10-lb. cans $2.65; 
20-lb. cans $4.80, and 25-lb. wooden pails $5.95. 

Write today for illustrated booklet on Leaf- 
eating Insects. Mailed free. 


THE 0.& W.THUM COMPANY 


117 Straight Ave. Grand Rapids, Mich. 


Manufacturers of Tanglefoot Fly 
Paper and Tree Tanglefoot 
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WARD’S NATURAL SCIENCE ESTABLISHMENT 


84-102 COLLEGE AVENUE, ROCHESTER, N. Y. 


Entomological Supplies of all kinds, including 
the only genuine hand-made Schmitt 
Insect Boxes and the well known Amer- 
ican Entomological Co.’s Insect~Pins. 


Write for E-30, free catalogue of Entomological Supplies; E-125, Life Histories of 
Insects of Economic Importance; also special lists of 
Lepidoptera, Coleoptera, etc. 
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HANDBOOK OF MEDICAL ENTOMOLOGY 


Wm. A. Riley, Professor of Insect Morphology and Parasitology, and 
O. A. Johannsen, Professor of Biology, Cornell University. 


_A concise, up-to-date reference and text on parasitic and poisonous insects, espe- 
cially those which transmit disease, with keys for determining the principal species 
affecting man. Invaluable to entomologists, physicians and health officers. 


Bound in library buckram. 8vo. Now Ready. 350pp. Fully Illustrated. 
Postpaid $2.20 


Prospectus on application. 


THE COMSTOCK PUBLISHING COMPANY es a Cornell Heights, ITHACA, N. Y. 


Protect Your Health-“Swat The Fly” 


IT IS A WELL KNOWN FACT THAT FLIES CARRY DISEASE; AN EASY 
METHOD OF EXTERMINATING THE FLY IS AS FOLLOWS: 


INSTRUCTIONS: Prepare a solution of nine parts of water to one part of 
FORMALDEHYDE, pour in a flat saucer, and add a teaspoonful of sugar. Place in 


the middle of the solution a small sponge, piece of bread or rag. Renew solution 
every day. 


USE IT IN YOUR HOME 

FOR ALL USES OF Formaldehyde IN THE HOUSEHOLD AND OTHERWISE, ADDRESS 

PERTH AMBOY CHEMICAL WORKS, 
100 WILLIAM STREET, NEW YORK. 


The above method is strongly recommended by physicians and such authorities as 


the Chicago Board of Health. 


Be sure to specify Perth Amboy Chemical Works Formaldehyde when ordering 
through your wholesale or retail druggist. 


“Pp, A. C. W.’?’ FORMALDEHYDE can now be secured in original 
sealed 1-lb.. bottles, at 35c. a bottle. 


Entomological Books For Sale 


A large number of books, reports, bulletins, etc., relating to 
American Economic Entomology, always on hand. Lists of 
desiderata invited. 


Best prices paid for Entomological and Ornithological Liter- 
ature. 


JOHN D. SHERMAN, JR. 


403 Seneca Avenue - = MOUNT VERNON, N. Y. 
} 
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GET THE BEST 


A Good Spray Pump earns big 
profits and lasts for years. 


THE ECLIPSE 


isa good pump. As practical 
fruit growers we were using 
common sprayers in our own 
orchards—found their defects 
and invented the Eclipse. Its 
success forced us to manufac- 
turing on a large scale. You 
take no chances. We have 
done all the experimenting! 
Large, fully illustrated Catalog 
and Treatise on spraying Free. 


MORRILL & Morrtey Mea. Co. 


Box 9, Benton Harbor, Michigan 


me Destroy Tree Pests | 
<« Kill San Jose Scale, Apple Scab, Fun- 

$a" gi, lice, bugs and other enemies of 
& vegetation by spraying with 


” & CAUSTIC 
GOOD SicrassFISH OIL 
SOAP NOS 

Does not harm the trees— fertilizes 
ae the soil and aids healthy growth. 

m= Used and endorsed by U. §. Dept. 
of Agrioulture. FREE.—Our valuable book on Tree 
and Plant Diseases. Write for it today. 
JAMES GOOD, Orig’] Maker 939-41 N. Front St., Phila. 
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Known the world over as ** THE WORLD'S BEST” 


All the subscribers to this paper 
are undoubtedly familiar with 
Deming Pumps, and many of you 
have operated them. In our 
latest Catalogue are some new 
developments in spraying appara- 
tus that will interest you. We 
should like to send you a copy. 


The above cut illus- 
trates our famous 
‘‘Sampson”’ double 
acting hand sprayer 
with upright lever. 
The picture to the 
left is our Fig. 765 
double acting power 
>» sprayer which can 
1 be belted to any en- 
gine and is good for 
200 lbs. pressure. 


The Deming Company !8 Depot St., Salem, Ohio 
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. POWER 
SPRAYING 


would have saved 
these trees 


This cut illustrates two of the several hun- 
dred beautiful elm trees, killed by the ELM 
LEAF BEETLE, in one of our largest Uni- 
versity cities, because they were not sprayed. 


Does a similar problem confront you? 


If so, let us tell you about our method by 
which laige trees may be sprayed for a few 
pennies each. 


Among those using our HIGH DUTY 
sprayers are: United States Department of 
Agriculture; United States War Department; 
United States Capitol Grounds; District of 
Columbia; Massachusetts State Forester; 
Massachusetts Metropolitan Parks; Massa- 
chusetts Metropolitan Water and Sewerage 
Board; Cities of Boston, Mass.; Albany, N.’ 
Y.; Providence, R. I., and over 100 others. 


We manufacture and sell over 90% of the 
ne DUTY sprayers used in the United 
tates. 


Catalog on request. 


FITZHENRY-GUPTILL COMPANY 


49 Washington Street, North 135 First Street 
BOSTON, MASS. EAST CAMBRIDGE, MASS. 


Spraying for the ELM LEAF BEETLE with our Standard ‘A’. United States Capitol Grounds. 
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Quality «? Efficiency 
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Manufactured Only By The 


MERRIMAC CHEMICAL 
COMPANY 
BOSTON. - - - = ‘MASS. 


HEMINGWAY’S LEAD ARSENATE 


is made by a firm with 35 years’ experience in the manufacture 
of arsenical spray materials. It possesses perfect miscibility with 
maximum sticking power, is 20% stronger than the federal law 
requires, and is selected by the discriminating fruit grower and 
shade tree expert. 


HEMINGWAY'S “CAASCU” 


Pronounced “K. S. Q.” 


is a combined Insecticide and Fungicide for spraying or dusting 
on potato plants, grapevines and general truck crops. It kills 
‘the foliage-eating insect and prevents blight. 


For literature and prices write to Dep’t J, 


HEMINGWAY G COMPANY, Inc. 


NO. 1 BROADWAY, NEW YORK 
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TROPICAL DISEASES BULEER iy 


PUBLISHED FORTNIGHTLY 


Under the General Editorship of the Director of the Tropical Diseases Bureau, 
Imperial Institute— 
A. G. BagsHawe, M.B., D. P. H. Cantab. 


In November, 1912, the Tropical Diseases Bureau, which replaced the Sleeping Sickness Bureau 
on july Ist, 1912, commenced the publication of the ‘ ‘Tropical Diseases Bulletin.’’ The tropical and 
sub-tropical diseases of man are grouped in sections, which are in charge of the following 
Sectional Editors: 


Fleet-Surgeon P. W. Bassett-Smitu, C. B. Dr. Epwarp HInDLE 

Lieut.-Col. C. Birt, R. A. M. C. R. T. Lerper, D. Sc., M. B., Ch. B. 

ANDREW Batrour, C.M.G., M.D., D.P.R. F. M. SANDWITH, Me DS ne RCD 
Cantab. J. HENDERSON SMITH, M. By Ches 

Atpo CasTELLANE, M. D. C. M. Wenyron, B. Sc., M. B., B.S 

Captain S. R. Dovatas, I. M.S. (ret’d) WARRINGTON YORE, M. D. 


H. B. FantHaM, D. Se. 


The Honorary Managing Committee and Staff of the Bureau are as follows: 
Chairman:—THE Ricut HONOUEEELS Sir J. WEST RIDGEWAY, G.C.B., G.C. M.G., 


ClS5 1 LL 

Sir Joun RosE Braprorp, K. C. M. G., F.R.S. Sir Ronaup Ross, K. C. B., F. B.S. 
Surgeon-General Sir Davip Bruce, C. B., F. STEWART STocKMAN, M. R.C. V.S. 

R. 8. J. A. C. TituEy (Representing the Foreign 
Surgeon-General Sir HavELocK CHARLEs, I. M. Office and Sudan Government) 

iy Ck CA ei Dies H. J. Reap, C. M. G. (Representing the Colon- 
Bt.-Lieut.-Colonel Sir Wittram B. LEISHMAN, ial Office), , 

R.A. M. GC. Fo RUS. WITH 
Sir Joun M’Fapyean, M. R.C. V.S. A. BERRIEDALE Keita, M.A., D.C. L., of the 
Sir Patrick Manson, G. C. M.G., F. BR. S. Colonial Office, as Secretary. 


Assistant Director:—G. C. Low, M. A., M. D., Lecturer, London School of Tropical Medicine. 
Librartan:—R. L. SHEPPARD. 
ANNUAL SUBSCRIPTION, £1 1s. post free. SINGLE NUMBERS, Is. 6d. 
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100 William Street, New York 
Works: Perth Amboy, N. J. 


“CY ANEGG” 


Fumigating Cyanide 
in Egg Shape. 
Each egg weighs as near one ounce as possible. 


For generating Hydrocyanic Acid Gas. 


The only positive eradicator of the San José Scale, 
Red and Black Scale and other insect pests. 
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Eeitcharina or Wants of not over three lines will be inserted for 25 cents each to run as lon 


as the space of this page will permit; the newer ones being added and the oldest being dropped. 


gs mecessary. Send all notices and cash to A. F. Burgess, elrose Pagans, Mass., by the 15th 
of = month preceding pe ae f 


S BACK NUMBERS “WANTED. 
; “wil pay 60 cents for No. 2, Volume I, and 30 cents each for No O. 1 and No. 6, 
; Volume Ii, No. 6, Volume III, and No. 2, Volume IV, to complete sets. Address: = 


ioe eoraiaestoay ASSOCIATION OF ECONOMIC ENTOMOLOGISTS, 
- MELROSE HIGHLANDS, MASS. 


"FOR, SALE—Bulletins 1 to 56 and 67 to 74 and disnalass 1 to 67 of the - 


| nero of Entomology, all bound. Also bulletins 47 to 66 and from 7 to date 


“. > and circular 68 to date unbound. 


E. MEAD WILCOX, Lincoln, Nebraska. 


WAN TED—To buy, sell and exchange insects for demonstration and class 
work in economic entomology and bulletins and reports on all subjects from U. 
Ss. a ageae of shee oa and a eae es: Experiment Stations, etc. 

R. W. BRAUCHER, Kent, Ohio. 


WANTED—Specimens of Calosoma beetles from all parts of the world, 
. pee listing species that can be furnished. 
Bats. oe ie BURGESS, Melrose Highlands, Mass. 


ENTOMOLOGISTS’ EMPLOYMENT BUREAU | 
Conducted by the American Association of Economic Entomologists. 

This Bureau will register Entomologists wishing to secure positions. Sta-. 
tion Entomologists and institutions desiring to secure assistants are invited to 
correspond with the undersigned. Enrollment in the Burean, $2.00. Fee not 
returnable. . DR. W. E. HINDS, — 
eae Auburn, Alabama. 


FOR SALE—Dyar’s List of N. A. Lepidoptera, nicely bound in. calf; Aldrich’s — 
Cat. of N. A. Diptera, nicely bound in black leather; complete set of Insect Life, 


nicely bound in red leather; complete set of Technical Series: Nos. 1 to 10, bound = 


in black leather. JAMES F. ZIMMER, Manistee, Mich. 


FOR SALE—The library of the late Harry Pinkus,. Price list upon apulipatich: | 
F. C. BISHOPP, Box 208,, Dallas, Texas. 


FOR SALE—( 1) jl of Economic Entomology complete; Vols. 1 to 6— 
Vols. 1 to 4, bound, black leather, new, excellent condition. Price, $20.00. (2) Com- | 
plete set of U.S. Bur. Ent. Bulletins, N.S. elegantly bound, red leather, to bulletin 


80. Eleven volumes. New. Price, $25.00. (3) N early complete set of Exp. Sta: - 


pai aay 25¢ Be rear. 
JAS. F. ZIMMER, Manistee, Mich. 


FOR SALE— Entomological News, Vols. 17, 18, 19, 20, unbound, $1.00 each; 
Vols. 21, 22, unbound, $2 is each; Canadian Entomologist, Vols. 40, Al, 42, 43, 44, ip 


unbound, $i. 00 each, 
Bes 3 i F NEWCOMER, Wenatchee, Wash. 


pe anh hasan: from all parts of the world bought or Sea eral according to 

arrangement. North American material determined. —~ + 
RR. R. PARKER, 

Entomological i atiaestiey: Mass. Agr. ‘Bolles Amherst, Misa. 


"WANTED Bibliography Amer. Econ. Entomology, Pt. IV. Cash or ekehenee. | 
FOR SALE—Library of the Tate J. A. _Grossbeck and other natural history 


%, publistions, Rend, for sabes 
. | PHILIP DOWELL, Port: Richmond, N.Y. 
ei Please ‘mention the Journal tof Economic Entomology « WRN dibs to advertisers. 


JOURN ABRs oe i 


ECON OMIC EN TOMOLOGY 


OFFICIAL ORGAN BN 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
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Editor, E. Porter Ferxr, State. Entomologist, New York. 


Associate Editor, W. E. Britton, State Entomologist, Gece 


Business Manager, A. F. Burexss, in charge of Moth BAe U. 8. Bureau 
of Pnvaminleey, ices oS 


Advisory Commies 


F. M. Wezster, Bureau of Entomology, United States Deyarinen of 
Agriculture, 


P. J. Parrorr, Entomologist, New York Agricaltaral | ‘Experiment 
Station. 


L. 0. Howanzp, Chief, Bureau of Entomology, United, Slates Depart 
ment of Agriculture. 


Witmon NEweELt, State Entomologist, Texas. 
C. P. Gittettex, State Entomologist, Colorado. 
W. E. Hinbs, State eae Alabama. 


A bi-monthly aeaAL pecuce obey to December, on the 15th c of the 

month, devoted to the interests of Economic Entomology and publishing the 
official notices and proceedings of the American Association — of Economic 
Entomologists. Address business communications to the J OURNAL OF Silom 
ENTOMOLOGY, Railroad Square, Concord, N. H. 

TERMS OF SUBSCRIPTION. In the United States, Cuba, ‘Mexico and 
Oanada, two dollars and fifty cents ($2.50), annually in advance. To foreign. 
countries three dollars ($3.00) annually in advance, Single copies, fifty cents. 
To members of the American Association of Economic Entomologists, one dollar 
and fifty cents ($1.50) annually in advance. 60 cents extra for aesipale to 

foreign members. 

MANUSCRIPT for’ publication should be sent to ees waitor, E PORTER 
Feit, Nassau, Rens. Co., N. Y. 

CURRENT NOTES AND NEWS shoul be sent to the Adusiets. Riitor, 
W. EH. Britton, Agricultural Experiment Station, New Haven, Conn. | 

SUBSCRIPTIONS AND ADVERTISEMENTS may be sent to the eninge 
Manager, A. F. Burenss, Melrose Highlands, Mass. 
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